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PREFACE. 


INCE trade and buſineſs muft neceſſarily engage the tare and 
attention of the greater part of mankind ; it is no wonder that 
the claſſics and ſtudy of dead languages, /hould be leſs cultivated 
than the mathematics, which have gained the preference, and of 
late years been much improved : tho' (like all other ſciences) the 
mathematics are but in their progreſſive ſlate towards perfection; 
certainly then, every endeavour to improve them, or to render the 
ſtudy thereof eaſy and pleaſant, deſerves encouragement. 

Meaſuring and mechanics are branches of mathematics, 
evhich come ſo often in uſe, that few men who live in the world, 
but have occaſion for their aſſiſtance one time or other. The gen- 
tlemen may be agreeably employed in meaſuring the works of the 
ſeveral artificers he may have occaſion ta employ, in ſurveying, et. 
ting out, and dividing lands ; and thereby not only prevent frauds, 
but be enabled to form a better judgment of its value. 

The mechanic is nearly concerned to employ ſame of his Eben | 
hours in acquiring a competent hnowledge of the principles, where- 
en his labour depends; that he may be capable not only to ſet a juſt 
value on his workmanſhip, but to contriue the neareſft-way to work ; 
and to improve the invention of bis implements, for expedition as 
well as eaſe. 

The favourable reception this book has met with, encouraged me 


u employ. my utmoſt care and attention in . this fecond 
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edition, in order to make it more compleat ; with the addition of 
mechanics : 4 — of the greatef * in the affairs of 
1 ife. 
It would ill become the author, to ſay more in behalf of theſe 
ſpeets ; let it ſuffice, therefore, to give a brief account of this work, 
which is divided into three parts. 

The firſt is a compleat body of practical geometry, with the 

demonſtration of every difficult problem. 

Problem 1 1/2 to goth the conſtruction of figures in plane geo- 
metry ; conic ſections ; and architecture; with the method of fx. 
in butments to bridges. From prob. 40 to 52, the rules of pro- 

portion; extraction of the ſquare and cube roots geometrically, 
From 52 to 68 problems concerning the circle. From 68 to 87, 
gremſcription, and inſcription of figures. From 87 to 92, re- 
auction of figures, and plats. From 92 to 119, diviſion of figures 
all manner of, ,. From 119 to 128, plane trigonometrys 
right and obligue angled, ſolved both geometrically, and arithmettc- 
. From 128 to 142, heights an diſtances ; with the deſcrip- 
tion and uſe of the inſtruments for that purpoſe. From 142 ts 
145, levelling, aud Jurveying of mines. From 145 to 152, cu- 
rieus queſtions innavization, mechanics, &c. From 152 to 164, 
the moſt uſeful problems in ſolid geometry ; the conſtruction of the 
foe regular bodies; how to take dimenſions of ſolids, as caſbs, fruſ- 
tums, &e. ‚ 


PART 24, is altogether theory; containing from problem 164 ts 
178, algebraic definitions, characters; addition, ſubtraction, mul- 
tiplication and diviſion, of whole quantities; as a!ſo of fractions, 
and furds ; involution, evolution, proportion, progreſſion ; infinite 
feries ; ſolution of equations, by converging, and infinite ſeries, 
reverſions of ſeries ; an eaſy way to ſum up any ſeries ; with many 
new mveſtications, logarithms, &c. Prob. 178. The chief theo- 
rems in Euclid, with many new theorems and their demonſtrations, 


Ke "PREFACE © vii 
Prob. 1 79% 0 fines and tangents; with the axioms of trigono= 
metry. From 179 19 182, of comic ſectious. From 182 6 
191, the theory of menſurations ; with the demonſtration of theo- 
rems, for meaſuring, and gauging, all kinds of planes, and ſolids, 
both by particular rules, and by one general method, as alſa by a 
| new and univerſal ſeries 3 with theorems for knowing the forms 
of caſts, inching, ullaging, &c. Prob. 191, a general method of 
miaxima, and minima. From 191 to-201, the theory mecha- 
nics /h:wing the general laws of mation ſimple and compound, e- 
laſlic and non-elaſtic, of gravity, vibrations of pendulums, and 
muſical rings; mechanic powers, wheel carriages, centers of gra- 
vy, oſcillation, percuſſion and gyration, preſſure and firength of 
wa!ls, beams, &c. motion of projectiles, hydroſtatics, pneumatics, 
hydraulics, &c. Prob. 201, the principls of fluxions and fluents, 
with their application to many parts of mechanics. 

ParT 34. Divided into three ſections. Sect. 1/t, Decimals 
made plain and eaſy, with ſeveral uſeful contractions, and the ex 
traction of roots. This ſection (after common arithmetic ) ſhould 
be learned, then practical geometry. By obſerving this method, 
you will be better enabled ta fludy menſurations to advantage. 
See. 24. Conſtruction, deſcription, and uſe of Cogglethal's flid- 
ing-rule. Set. 3. Multiplication of feet and inches; called croſs 
multiplication. Sect. 4. Superficial meaſure of planes and of ſolids 3 
toith the methods of taking dimenſions with, or without inches, 
dect. 5. The ſeveral artificers work. Sect. 6. How to meaſure all 
forts of ſolids. See. 7. Surveying, plotting and dividing of lands, 
| &c. Sect. 8. Gauging in all its parts; with the deſcription and 
wſe of inſtruments for that purpoſe. Each example in theſe 
three ſections is wrought by pen and ſliding-rule. Seth. . 
"Queſtions with their ſolutions. 1. From queſt. 1 to 40, exerciſes 
in menſurations, ſurveying, and gauging. 2. From 40 t0 50, nen- 
furations of ſolids, by their centers of gravity.. 3. From 50 t 85. 
Sewing the nature and uſe of the mechanic powers, 4. From 85 
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ta 115, of wheelcarriages, firength and fireſs of walls, beams, &c. 
8, From 115 to 140, pendulums, ſounds, muſical inflruments. 
6. From 140 0 166, the maxima of bodies moving in and by fluids; 
the forces of moving bodies, and the refiftance they meet with ; the 
© perfertions of mills, engines, &c. 7. From 166 to 192, the ſpe- 
Mic gravities of bodies, with a table; the admirable properties of 
the air, weather-g laſſes, pumps, and fire-engmes. 8. From 192 tg 
231, the practice of gunnery in reſiſting and non-reſiſting mediums* 
9. From 231 to 261, friction, ſails of ſhips, ſpouting-fluids, 
waves, whirling bodies, &c. 10. From 261 to 294, laws of 
central forces, circular motion, true figure of the earth ; gravities, 
denſities, &c. of the planets and tides. 
Dy conclude, I have been careful to omit no article that ſeemed 
ie ful or neceſſary, and as cautious to avoid things perplexing ar ſu- 
perfluous and to make the whole more familiar and eaſy. to the 
learner, I have kept as much as poſſible within the limits of algebra; 
altho” by this work may be acquired, e clam end aa tian od 


furious and fluents. 
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POSTULATES. 


T maybe taken for granted, that a right line may 
be drawn between any two given points. 


| I 2. That a given right line may be produced at 


HUH pleaſure. 
wha he he 3, That from a given point a line may be drawn 


either parallel to another, or in ſuch a manner as 
to make any given angle with any other given line. 
4. That a circle or any arch thereof may be deſcribed upon a plane 
wich a pair of compaſſes opened to any extent. 
5. That a line may be deſeribed by the motion of a point. 
6. That a ſpace, plane, or area, may be defcribed by a line moving 
parallel to itſelf, or about any point as a center. | 


7. That a ſolid may be deſcribed by a plane moving Pale to its ſolf, 
or about any part thereof as an axis, 
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t is to be obſerved, chat in working geometrically, all points and lines 
ſhould be as ſmall as poſſible, (the former being without dimenſions, and Wi 
the latter only one dimenſion, viz. length) and the figures will be more Wl 
exact. Alſo, when you begin to work any problem, obſerve carefully what 
things are given, and with theſe work exactly as the reading directs, ma- 
king all lines of illuſtration pricked or dotted, and all lines given or re- 
quired, black; be careful to draw all the lines as directed whether they | ; 

are inthe figure or not. | 8 


PROBLEM I. 


Todrawa line CD garalllio a given line A B, and at the diſtance Wi 
the line e f from it. Fig. 1. 


1. With the given line ef in the compaſſes, and one foot on any two 
different points in A B, as at E and F, ſtrike two arches n and s. 7 

2. Lay a ruler to touch the tops of theſe two arches, and draw the 
line CD, which is the parallel required, | 4 

Note. Black lines or arches commonly repreſent things given and re- 
quired, and thoſe pricked or dotted, ſhew how the problem is worked. 
In geometry, as in arithmetic, there is always ſomething given aud re- 
quired: and here obſerve, the things given you may prick down as you 
pleaſe, then work by the directions for thoſe required. 


PROBLEM I. 
To draw a line G H parallel to a given line I K, and to paſs thro 
a given point P. Fig. 2. 


1. With one foot in any part of the given line I K, as at a ſweep 2 
half circle to paſs through P, 2. make the arch I M to the arch PK 
; 3-thro' M and P draw the line G H, and its done, See Problem 42. 


e — 
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PROBLEM III. 

To biſeft or divide a given line A B into two equal parts. Fig. 3. 
1. With any radius. greater than half the ſaid line, and one foot firſt 
on one end and then on the other, ſtrike two arches, croſſing each other 
in C and D, 2. thro' the points C and D draw the line CEP; chen 
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PROBLEM IV. 


+ Ts erect a perpendicular B D, upon the end B, of any given Reg 
AB. Fig. 4. 


1. Layaruler along A B, and produce it to C, then with one foot 
bon B ſweep the pricked half circle, cutting A B C in n and m, 2. upon 
5 n and m ſtrike two arches croſſing each other in D, draw D B and its 
one. 


| PROBLEM V. 
To raiſe a perpendicular DB upon any given point B, in a given 
line A C. Fig. 4. 


1. As in the laſt problem, take any two points n and m, equally diſtant 
from B, upon which as centers, ſtrike two arches croſſing cach other in 
D, thro' D and B draw DB, and its done. | 


PROBLEM VI. 
From a given point P upon a given line AB, to let fall a perpen- 
dicular. Fig. 5. 

1. With one foot in the given point P, ſtrike an arch to cut the given 
line A B in two points n and m, 2. upon n and m with any radius ſtrike 
two arches croſſing each other in C, 3. thro'P and C draw P CE, which 
is the &. required. 

PROBLEM VII. 
Given any angle B AC, to make another angle bac equal to it. 
b Fig. 6. 

1. Draw a line a c, 2. with any radius and one foot on A, the given 

angular point, ſtrike an arch B C to cut each ſide, with the ſame radius on 


a, ſtrike the arch bc, take the arch B C in your compaſſes and lay ĩt from 
c to b, 3. thro'a and b draw a b, and its done. 


PROBLEM VIII. 


To divide a given angle BA C, into two equal angles, D A C 
=D AB. Fig. 7. 


I. With any radius and one foot on A, ſweep the arch nm, 2, with 


any radius upon n and m ſtrike two arches croſing each other inD, draw 
AD, and its done. 


- 
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NoTs, When three letters BA C expreſs an L, the middle letter A 
ſtands at the angular point. 


PROBLEM IX. 
How to make a line of Chords. Fig. 8. 


1. Draw a line A m, which make radius, and upon A ſweep the arch m | 
00. 2. From mupon tinsarch, lay the radius A m to 60. 3. Take half the 


arch m 60 and lay it from 60 to 90. 4. Divide the arch 60, go, into three 
= parts, which wil lalſo divide m Go into ſix = parts. 5. Set one foot of 
your compaſſes in m, and ſtrike arches from each of theſe parts to the 


line A m, and its done. 


Nor g. Each of theſe equal parts in the arch ſhould be divided into 
ten more. | 


- 


PROBLEM X. 


To make any acute angle; ſuppoſe one of 350 Fig. 10. 
1. Draw a line AC, with the chord of 600 upon A ſweep an arch C 


40. 2. From the {ame chords take 359, and Jay it from C upon the 


arch, thro which draw the line A B; ſo is the angle BA C one of 350. 


PROBLEM KI. 
Upon the point A, and with the line AC, to make a right angle, 
i. e. one of 90% Fig. 10. 
This is the ſame as erecting a &. 

1. Upon A with the chord of 609 ſtrike the arch C o, from the 
ſame ſcale of chords take 900, and lay it upon the arch from C to go. 
2. Thro' A and go draw AD; ſo is the angle DA C one of 900, as 
required. 

PROBLEM XII. 
Upon the point A, and with the line A B, to make an obtuſe {, 
B A C, ſuppoſe of 95% Fig. 9. 

1. Upon A with the chord of 609, ſweep the arch B C, then, becauſe 
the arch BC 1s to be above 900, which is the whole length of the line 
of chords, you may take any two chords whoſe ſum is 950, as 60 and 
359, and lay them upon the arch B C one after the other, from B to C, 


then draw A C, and its done. 


- 
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PROBLEM XIII. 


Upon any given line A B, to nale an equilateral triangle. Fi 5 11. 

1. Make the given line radius, and upon A ſweep the arch BC, alſo 
upon B ſweep the atch AC, eroſſing each other in C. 2. Join A C and 
B with lines, and you'll have A B C, the triangle required. 


* PROBLEM XIV. 
? . Given three lines AB, AD, AC, to make a triangle. Fig. 12. 
4 1. If AB be one of the given lines, take either of the other two in 
your compaſſes as A, and with one foot on Bſtrike an arch, then with 
AE in your compaſſes and one foot on A, ſtrike another arch croſling 
the former arch in C. 2. Join CA and CB, and its done. 

NoTz. One of the given lines mult be ſhorter than the ſum of the 
other two, or it cannot poſſibly be a triangle, 


PROBLEM XV. 
Required the greateſt triangle that it is poſſible to make with @. 
given baſe A B, and jum of the other two ſides D E. Fig. 13. 


1. This muſt be when the perpendicular CP is the longeſt poſſible; 
therefore with FE = FD =half DE in your compaſſes, and one foot 
ſeverally on A and B, ſweep two arches croſſing each other in C. 2. Join 
AC and CB, and its done, For it is plain, if DE=CA 4+ CBbe a 
Urreed or cord faſtened to two pins A B, and a needle put in C, the 
double thereof and moved any way, keeping the cord at a conſtant 


ſtretch, the  CPby ſuch motion will be ſhortened, whence the iſcoſceles 


triangle ABC is that required, Fo 


PROBLEM XVI. 


Given the diagonal A B, and the four fides AC, AD, AE, AF, 

of a trapezia AIG H, to make the trapezia. Fi g. 14. 

1. Make AG= A B. 2. With any of the given lines in your com- 
paſſes as A C, and one foot on either A or G, ſuppoſe in A, ſtrike an 
arch H, alſo with ſome other of the lines, as A E, and one foot in G, 
ſweep an arch, croſling the laſt arch in H. 3. Join HA and H G, and 
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one of the triangles is made; then with the other two lines A D and A 


F, form the triangle AIG, below the diagonal A G, and i its done. It 
is is but making two triangles by problem 14. 


| PROBLEM XVII. 
Given any right lined figure abcde, to make another equal and 
ſimilar toit. Fig. 15. 

1. Divide the given figure a be de into As, by drawing the diago- 
nals a c and a d, 2. by problem 14, with the three lines a c, a b, and 
bc, make the AA B C, alſo upon A C, with the two lines a d and dc, 
make the A A D C, laſtly, upon A D, with the two lines a e and d e, 


make the A AED, and its done. . 
PROBLEM XVII. 


Given any right lined figurea b c d, to make another figure AB 


C D ſimilar to it, whoſe ſides may be twice as large, or in any 

other proportion. Fig. 16. 

1. This may be done by the laſt problem, by doubling every line ag 
you lay it down: or thus, by problem 7. make the L BAD =L bad, 
continuing AD, until it be twice a d, then upon D make an AD 
= twice La de, making DC twice d c, then make an L D C B upon 
CS ld cb, making C B — twice cb, which in this caſe will meet 
A; in B, making AB = = twice ab, and the LABC L abc, if it is 


truly drawn. 
PROBLEM XIX. 


Upon any given line A B to make a ſquare ABCD. Fig. 17. 

1. By problem 5, upon B one end of the given line, raiſe a & B D, 
making it equal to A B, 2. with AB in your compaſſes and one foot 
ſeverally on D and A, ſtrike two arches croſſing each other in C, 3. 
join & D and CA, and its done. | 

PROBLEM XX. 
Given two lines AB and B C, to make a right angled parallelo- 
gram, or rectangle AB CD. Fig. 18. 

be By problem 5, upon A raiſe the & A D, making it B C, 2. with 
AB in your compaſſes and one foot on D, ſweep an arch, 3. with B C 


in your compaſſes and one foot on B, croſs the laſt arch in C, join DC. 


and B C, and its done. 
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NorTE. If the dimenſions of figures be given in numbers, they may be 
made by a ſcale of equal parts, or a diagonal ſcale, the fame way as if | 
| the dimenſions were given in lines; as in ſome of the following figures. 


PROBLEM XXL. 


a ö | To divide a given line AB into any number of equal parts, ſup- 
"3 poſe into fe. Fig. 19. 


1. At each end of the given line, by problem 7, make an L, viz. the I. 

EF BA;—LABs, 2. take any ſmall diſtance in your compaſſes, and run 
it along the line A 5, dividing it into 5 S parts, run the ſame diſtance 
W from Bto 5, dividing B 5 into 5 S parts, 3. thro' theſe diviſions draw 
lines, as 1-4, 2-3, &c. and they will divide AB as required. Ses 
theorem 1. 


PROBLEM XXII. 
Em to make a ſcale of equal parts, as AB. Fig. 20. 


run it along the line 11 times, as from A to o, from © to 10, &c. to 
100, 2. divide the diſtance Ao into 10 = parts, which ſerves the whole 
ſcale for units; ſo that e 20 is 25, the diſtance e 70 is 75, &c. 


PROBLEM XXIII. 


Hrw to conſtruct and uſe a diagonal ſcale, Fig. 22. 


1. A diagonal ſcale is divided into 10 large equal diviſions, as the 
diſtance e q. or e 100, is one of theſe diviſions, and theſe ſignify hun- 
WF dreds, the diviſions 10, 20, 30, &c. between e and 100, along the fide 
of the end diviſion, denote tens, and thoſe on the end, as 1, 2, 3, &c. 
ſignify units, being all equal diviſions. Now to find any number upon 
mis ſcale, ſuppoſe 1 chain 43 links, or 143 of any equal parts, as inches, 
feet, yards, &c. firſt ſet one foot on x which ſtands over againſt 30, 

and under 3, is the place of 43, and extend the other foot along that 
ne to y, ſo have you 143 in your compaſſes ; in like manner, the diſ- 


tance wu is 185, tu 85, &c. which will become eaſy with practice. 


1. Having drawn a line A B, take any diſtance in your compaſſesand _ 
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PROBLEM XXIV. 
Ta make a thambus AB C D, whofe height B P may be 20, and | 
each fide AB = BD, &c. 30. Fig. 23. 

1. From the ſcale of equal parts take 30, and lay it from A to B. 
2. Make AB radius, and with one foot on A, ſweep the arch C, and 
on B ſweep the arch D, from the ſame ſcale take 20, with which, by 
problem 1, in any two different points on A B, ſweep two arches over 
whoſe tops draw C P, cutting the firſt two arches in Cand D. 3. Join by 
BD andC A, and its done, 4 


PROBLEM XXV. 1 
To make a rhomboides AB CD, whoſe length A B = CD may 
Je 143, fideor end A D =BC 85, and height DP 80. Fig. 21. 
1. From the diagonal ſcale, with the length 143 and height 80, by 
problem 20, make a rectangle DCE P, producing EP towards A. 2, 
From the ſame ſcale, with the breadth 85, and one foot on C and D 1 
ſeverally, the other will croſs EP in A and B, join C B and D A, and 
its done. 1 


PROBLEM XXVI. | 
To make a rhamboiges AB C D equal to a reftangle DCE p, 4 
whoſe acute angles ſhall be equal to a giuen angle z. Fig. 21. 


1. Make A B = P E, and upon A and B, by problem 7, make the 
Ls E B C, and P AD, each Z the given angle 2, drawing A D and B C, 
till they are each g the given breadth 85. 2. Join D C and its done. 
But if the height 80 were given, and not the breadth 85, you muſt con- 3 
tinue AD and B C till they meet D C, drawn parallel to AB at the p ; 
diſtance of 80 from it. By problem 1. For demonſtration ſee the- g 
orem 1, and 2. 


In ſome of theſe figures you Il find more lines, arches and letters than 
is mentioned in the reading for the problem er figure, ſuch figures ſerve Wi 

more problems than one: theſe lines, &c. need not be drawn or e = 

ed, till you come to the problem that refers to them: but I would ad- 


vile a learner that is deſirous to underſtand geometry, to draw a "_ 4 ; 
bor each problem, 
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PROBLEM XXVI. 
Ty make any regular polygon, ſuppoſe a pentagon, Fig. 24 


. 1 } 1. Deſcribe a circle and croſs it with a diameter A 5. which divide 
. 4 | , into as many equal parts as the polygon hath ſides, foa pentagon having 
J ? ky A five ſides, the diameter muſt be divided into 5 equal parts. a. With the 
r i © whoke diameter A 5 in your compaſſes, and one ſoot on A and 5 ſeverally» 
a | 


if f ſweep two arches croſſing each other in D. 3. Lay a ruler to D and theſes 
RE cond diviſion os A 5 and draw a line D E, cutting ihe circle in E. 4 Join 
oF * A F, which will be a fide of the required pentagon, and will divide the 
ET periphery of the circle into 5 equal parts as required. 
PROBLEM XXVII. 
Upon a given line C D to make any regular polygon, ſuppoſe a 
g pentagon. Fig. 25. 

1. As directed inthe laſt problem, find A E, the fide of a pentagon of 
any ſize, then upon each end C and D of the given line C D. makes an . 
Sto the LE A5, in figure 24, and at Q where the lines meet, is the 


center of a circle, which being deſcribed with the radius QD =Q Gs 
the given fide C D will divide it into 5 equal parts as required. 


PROBLEM XXIX. 


To make an oval or ellipſis, TISG. Fig. 26. 


I. Deſcribe two equal circles, paſſing thro? each others centers Band 
C, and croſſing each other in a and e. 2. With the diameter SCor BT 
of either circle, and one foot on e ſweep the arch I, alſo with une foo 


on a, ſweep the arch G, and its done. 


97 PROBLEM XXX. 
=. Another way to make an oval or ellipſis. Fig. 26. 


1. Upon any plane where you would make an oval, ſtrike in two pins, 

ſuppoſe at B and C, and to theſe pins faſten the ends of a thread, as B 

RF PC. 2. With a pin extend the thread as far as poſſible, and by moving 
RS ** pin about, you may deſeribe the periphery of an ellipſu. | 
1 | - 
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PROBLEM XXXI. 


” Given the axis e u and ordinate A B, of a common parabola A u B, 


to draw the parabola. Fig. 27. 

1. AB being L to u e, produce ue towards C. 2. Upon ue deſcribe a 
eirele u A4 C B, to paſs thro* the three points u, A, B, cutting ue (pro- 
duced) in C. 3. Upon ue, deſcribe as many more circles as you pleaſe, 
each paſſing thro? u, and cutting the axis u e in a, b, d, &c. 4. Take Ce 
and lay it from A io n, from b to m, from d to o, &c. 5. Thro' theſe 
points n, m, o, &c. draw lines or chords each parallel to AB, and where 
theſe chords cut their reſpective circles, are the points thro? which the 
parabolic curve mult paſs, and may be drawn with a ſteady hand. Sce 
theorem 60, 


PROBLEM XXXII. 

Given the tranſverſe axis u T of an hyperbola A B u, and u K = 

TH the diftance of the focus from the ends u and T of the axis, 

20 draw the hyperbola. Fi g. 28. 

I. Produce u K any length as to C for the abſciſſa. 2. Divide u C into 
as many parts (S or not = as you pleafe, as in the points m, n a, &c, 
3. With the radi Tm, Tn, Ta, &c. and one foot on I, ſtrike the 
arches e e, ee, ee, &c. 4. Withtheradiium,un,ua, &c. and one 
foot on K, croſs. the former arches, with the arches oo, 00, &c. 5 Thro' 
theſe interſections draw the curve A C B. — Note. The more inter- 
ſections you make uſe of the better, in both theſe figures, as they will 
pot only help you ip the drawing, but will alſo render them mote exact, 
Sce * 62. 


PROBLEM XXXIII. 
Upon @ given line A C to make a gothic arch ATC. Fig. 29. 
r. Divide the baſe or ordinate A C, into 3, 4, or 5 = parts, ſuppoſe 
into 3 = parts, CD=DE = EA, then with AD two of thele parts, 
and one foot in D and E ſeverally, ſweep two arches AB and G C, 
groſſing each other in T, and its done; A T C being a gothic arch of 


the third point; becauſe A C was divided into 3 = parts, but if you 


divide A C into 4 Or 5, &c. = Ss the arch is ſaid to be of the 4th, 
Ich, &c. points. 
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PROBLEM XXXIV. 
Upon a given line of baſe AC, to mate a low arch. Fig. 30. 
1. Upon A C by problem 13, make an equilateral triangle A CF. 


. upon F, with the radius F A =F C, ſweep the archAEC; now if 
thc 1 F B be produced, it will biſect the arch in E, whereof E B being 


1 about 4 of AC, will give the height or thickneſs of the ſtreight arch for 
5 ſquaring or cutting the ſtones, &c. and by che ſigure may be ſeen the 


didterent forms of the ones, &. 


PROBLEM XxXXV. 


F To deſcribe a Catenaria TIS whoſe height CI may be 55 feets 


and its breadth TS 200 feet. Fig. 31. 


t. The geometrical conſtruction of this curve being tedious, it will 


1 be caſieſt done thus; on an upright wall or plane lay the diſtance 2005 
fim any ſcale of equal parts, parallel to the horizon, as from T to 8, 


there ſtrike in two pins, upon which ſuſpend a flexible line, a chath of 


A very ſmall links is beſt) as T GS, tilt its middle at & be 55 of the ſams 


= parts below T 8, ſo will T G S form the catenaria required. 
PROBLEM XXXVI. 


down on paper. Fig. 31: X 
1. Meaſure ſtreight from S one end of the curve $G T, towards T 
the other end, ſetting down the diſtances S a, S a, &c. where you mea- 
ſure perpendiculzrly from 8 T to the cutve, fer down alſo theſe 4s ae, 
a e, &c, called offsets, and always be careful to meaſure the ofisery 
from the ranging line T8 to the extremities of the ſaid carve, which 
done you may have a true plan by drawing a line T S, upon which 
from a ſcale of = parts, lay down all the diſtances S a, S a, &c- upon 
which points ere& the Ls an, an, &c. and from the ſame ſcale lay ow 
theſe offsets their reſpective diſtances, as from a to n, &c. thro* thels | 
points draw the curve. 


To take the plan of any curve, arch, bended Bedge, c. and lay it © 


— 
1 
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PROBLEM XXXVII. 
The arches uſed in architecture, are as follow ; 
1. Semi-circular arches, being half-circles. 2. Scheme arches are 
leſs than a ſemi circle, and commonly contain 70 or 909. 3 Elliptical 
arches, are ſuch as conſiſt of a ſemi - ellipſis, formerly uſed over chim- 
neys for mantletrees. 4 Gothic arches. 5. Streight arches, are ſome- 
times over windows, doors, galleries, cielings, &c. becauſe they take up 
but ittle room. 6. Theſe are the arches which were formerly uſed in 
vaults, bridges. and other buildings, amongſt which the ſemi-circular 
arch was moſt eſteemed both for beauty and ſtrength. But the ſtrongeſt 
arch poſſible is the catenaria; whoſe ſtrength is ſuch, that a number of 
globes, or a heavy flexible line, being put into that form, willnot fall, 
bur ſupport themſelves ; this appears from the formation of that curve, 
(Fig. 31) thoſe above the line TS, muit ſupport with the ſame 1orce, 
as they gravitate beſow it. 


PROBLEM XXXVIII. 


To find the pu/b or butment of an arch AE M. Fig. 32. 

1. Let E be the middle of the underſide of the bridge, & A E M. 
2. Join A E, and let A P be L. ta the horizon AM. 3 Upon A, with the 
radius A E, draw the quadrantBE D, ſo is AB=A E = AD. 4. Join 
DB, which cuts A E in I. 5 From I upon A M let fall the LL. Laſt- 
ly, make A C AL., then A C vill be the length of the butment re- 
quired, fit to hold the puſh of the arch 4 E, being ſuſpended upon the 
point A as a center. For if A E, (the chord of the arch A E) become 
AB parallel to the horizont it is plain, it muſt have its own length in 
the fame parallel on the other fide of A to ballance it with, which ſup · 
poſe 20; but whenthe ſame A F. is raiſed into A D .L to the horizon, 
upon the fixed point A, it will then require nothing to ballance it with. 
Whence it follows, that if 20 ballance A E when ina parallel poſition, 
and o when in a I one, that half the ſum of 20 and o, wil: ballance it 
when in a mean between A B and AD, i. e. when it makes an Lwith 


the horizon of 45 


PROBLEM XXXIX. 


Given two lines B A and B C, to find ſuch a third line A C, a, 
that the triangle ABC may be the greaigſt poſſible. Fig. 33. 
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1. With the two given lines make a right LC B A, and join the ends 


c and 4, fois C A the line ſought, and A B C the A. For if; BBC, 
ches A BC and ABD, ſtand upon the fame baſe A B, and therefore 
tre by theorem 33) as their heights, It is plain by the figure ABC, 
cat BC has the greateſt height, and conſequently it is the greateſt tri. 
3 © angle poſſible. By the ſame method it may be proved, that if any num» | 
ver of lines be given to find another line fo as to make the greateſt fi- 
81 gure poſſible, the line required mult be the diameter of a circle, and 
W 1 the given lines ſo connected, as to be inſcribed in the half periphery. 


PROBLEM XL. 


1 10 Given the Fybothenuſe A B of a right angled A, ta find the legs,, © 


fo that the A may be the greateſt poſſible. Fig. 34. 
1. Upon the given hypothenuſe A B, ſweep a ſemi-tircle whoſe mid- 


die is at C. join CA and CB and its done, A BC being the triangle 


ſought, and AC = BC the two legs. For, as in the laſt problem the 
A ARC, is greater than the A ABD. 
Note All right-lined figures inſcribed in circles, are the greateſt 


0 W that can poſſibly be made: for a circle being the greateſt figure under 


2 diagonal ſcale, as marked in the figure, you'll find G B = 58,7 and 


the ſame periphery, it follows, that the nearer any figure * 
to u. the greater it will be. 


The RULES of PROPORTION, 


Extraction of the Square and Cube Roots, Geometrically: 
In TwELvE PROBLEMS, 


PROBLEM XII. | 
To divide a line AB into ſuch proportion, as the line Cu ii to tl 
Ane Du. Fig. 35. 

I. Upon either end of the given line A B, as on A, make an L by 
drawing Aw. 2. Make AF Cu, by taking Cu in your compaſſes 
and laying it from A to F; alſo, lay Du from F to W, join WB, and 
parallel to w B, thro' F, by problem 2, draw, F G and its done. Fot 
APF is to F u, as Cu is to Dü. And if theſe lines be laid down from 


AG= 134, 3 from the ſame ſcale. See theorem 9. 
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PROBLEM XLII. 
Given two lines A B and Du, to find a third line in proportion 
to them. Fig. 36: 

1. Make an angle DA C, lay Du from A to E, and A B from E to 
D, join E. B. 2. Thro' D, and paraſlel to E B, by problem 2, draw DC, 
or a parallel may be drawn by making = Ls thus, upon E ſweep an 
arch to cut the two containing ſides E A and E B of the LAEB, with 
the ſame radius deſcribe an arch upon D, take the arch deſcribed upon 
E, and lay it upon that deſcribed on D, from the line E D, and where 
it cuts draw the line DC, which (per theorem) will be parallel to EB, 
Whence you'll have B C for the line required. For as A E ( Du70) 
is to AB 124, ſo is ED (= AB 124) w BC 219,6. Sce theorem, 


and problem 45. 
PROBLEM XLIII. 


Given three lines, AB, Cu, and Du, to find a fourth propor- 
tional, Fig. 37. | 
I. With any two of the given lines make an LBA E, making A B 
= AB, AE = Du, and ED Ca, join B E, and thro' D paralle 
to B E (by the laſt problem, or by problem 7) draw D C, cutting A B 
produced in C; ſo is B C the fourth proportional line required. For, 
(by cheorem 9,) as AE D u) is to A B, ſos ED (Cu) to B C. 


PROBLEM XLIV. 


If 180 Labourers do a piece of Work in 115 days, in what time 
w:1] 106 !abourers do it. Fig. 37. | 

1. Make any L CAD, and from a diagonal ſeale lay 106 from A to 
B, 115 from A to E, and 180 from E to D, join EB, and thro' D, 
parallel to E B, draw DC cutting A B C in C, ſo is C B = 186, from 
the ſame ſcale, as required. 

By theſe two laſt problems you may work any proportion by lines? 
or ſcales of equal parts, whether direct or inverſe. 


| PROBLEM XLV. 
Between two lines ED 36, and CD 100, to find a mean propor- 
tional, Fig. 38. 
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1. Having made one right line E C of the two given ones DE and 
D C, upon E Cas a diameter, deſcribe a ſemicircle EP C. 2. Upon 


D, where the two lines meet, raiſe the L DP, cutting the arch in P, 
ſo is DP the mean geometrical proportion required. For as CD: DP 


:: DP: DE, by theorem 14; whence CDXDE=[JDP= 3600, 
fo DP 60, as will alſo be found if you lay DP on the ſame ſcale of 


equal parts that you took DE and DC from. 
Note. By tkis figure you may alſo work problem 42, 


PROBLEM XLVI. 


To extract the ſquare root of any number, ſuppoſe 3600, by lines, 
or a diagonal ſcale. 


RULE. A geometrical mean proportional between any 
two lines or numbers, is the ſquare root of their product. 


EXAMPLE. 100  36= 3600, and a mean proportional between 
100 and 36 is by the laſt problem found = o, whence 60is the ſquare 
root of 3600 Alſo, 10 * 369 = 3600, and a mean proportion between 
10 and 360, will alſo be found = 60. Likewiſe 40 x 90 = 3600, and 
30 X 120 = 3600, and a mean proportional between 40 and 90, or be- 
tween 30 and 120, will alſo be found 60, = the ſquare root of 


3640, 


PROBLEM XLVII. 


Between tevo given lines A and B, to find two mean proportional 
lines. Fig. 39. 

1. Make a right L K CH, drawing the ſides C H and CK at large. 
2. Lay the line B from C to E, and the line A from C to D, and join 
E P, find its middle, which is at F, then with F Eg F D, upon F 
deſcribe the ſemicircle EG D. 3. M ith the leſſer line B in your com- 
paſſes and one foet on D, croſs the ſemicircle in g. 4. Upon the poiut 
G, move a ruler till it cut the lines C H and C . H and K, at an 
equal diſtance from P, ſo ſhall E H and D K be the lines ſought. For 
as E C (B): DK:: D K to E H, and as EC: DK:: EH: CD, 
(4). 13. E. 6, 


U 
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PROBLEM XLII. 
To extract the cube root geometrically. Fig. 39. 


RULE. The cube root of any number is the firſt of two 
mean proportionals between unity and chat number. Or, 
which is the ſame, and eafier to do, Take any number which 
is leſs than the cube root of the given number, ſquare this 
number, and divide the given number thereby; then the 


firſt of two mean proportionals, between this quotient and 


the aboveſaid taken number, will be the cube root of the 
given number. 


EXAMPLE. What's the cuhe root of 67584? Take 32, which 
ſquared is 1024, then 67584 + 1024 = 66; ſo the firſt of two mean 
proportionals between 32 and 66, will be the cube root of 67584; 
therefore, if from the diagonal ſcale you make CE 32, and C D=66, 
and work as in the laſt problem, you'll have D K = 4c4 nearly, from 
the ſame ſcale, for the cube root of 64584, or the firfi of two mean 
proportionals between 32 and 66. By this, and problem 46. with 2 
good diagonal ſcale, you may readily find the cube and ſquare root of 
a number. 

PROBLEM XLIX. 

To find out two lines E Fand F C, which ſhall have fuch propor- 
tion to each other, as the ſquare of @ given line A hath to the 
ure of another given line B. Fig. 40. 

1. Make a right LEDC, (i e. Lt DE) then lay the lin* 
B from D to C, and A from D to E. join CR. 2. From D upon CE, 
let fall the LDF, and its done, For, by! theorem 15, as UAA: UB, 
: EF: FC. 


OBEN. 
To divide u line CD in power, os the line A is to the line B. 
Fig. 41. 


1. By arotitem 41, divide C D into ſuch proportion as A to B, i. e. 1 
a8 B: A:: CE: ED. 2. Upon CD, as a diameter, deſcribe the ſemi» Wi 


circle CFD, 3. Upon E raiſe the I. E F, cutting the ſemicircle in F. 


. 


| 
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3. Join F C and FD, which are the two lines required. For, by theo- 


orem 16, as B: A: : CF: QD F, and as A +B:QUD::B 
CF, and: : A: CFD. | 


PROBLEM LL 


To enlarge any line C E in power, according to any proportion; 
ſuppoſe as the line A to the line B. Fig. 41. 


1. By problem 41, make it as A: B:: CE: CD; i. e. make CB 
= A, and C Ag B, join E B, and thro' A parallel to E B, draw AD, 
cutting C E produced in D. 2. Upon CD deſcribe the ſemicircle CF D. 
3. Upon E erect the a. E F, cutting the ſemicircle in F, join CF for 
the line required. For, by theorem 15, as A: B: ACE: 
CF. 


| PROBLEM III. 
To cut a line AD in extreme and mean proportion. Fig. 42. 


1. Upon A raiſe the . AF, making it AD. 2. Biſect A F in G 
and join G D. 3. produce F A, making G I= G D. 4. Make AC= 
A I, and its done. For as AD: AC:: AC: CD. 30. E. 6. 


DEMONSTRATION, Put a g AD = AF, then AG = a by con- 
ſtruction, and put e AI AC, then a —e = CD, and the laſt 
proportion will be, a: e:: e: a — e, therefore, ee=aa—ae, or, 
aa ee +ae, which quadratic equation ſolved (by article 81, part 
2.) gives e = Taa— kla gax: ZL: now. GD SNA 

| 2 
AG+QOAD=$j4aa+aa=Saa, adGD—GA=AC=e, 


7 i. e. Va. — £4 Se as before; ſo the ſigure is truly conſtructed. 


Note, Becauſe the ſquare root of 5 cannot be exactly had, it ſhews 


. that no number can be exactly divided in extreme and mean proportion, 
but any line may be ſo divided geometrically, as above. 
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The chief PROBLEMS ee to the CIRCLx 


are fifteen, as follow : 
PROBLEM LIII. 
Given any Circle A B C D, to find E its center. Fig. 43. 


1. Any where in the circle draw a chord O O, which biſect with * 


the line BD. 2. Biſet B D with the hne A C, ſo is E, the croſling 3 F ; 
of theſe two lines, the center of the circle; and the lines themſelves are 
two diameters, at right angles to each other. 


PROBLEM IIV. 
Given any arch of a circle & C, to find its tangent D C, ſine GB, 
fſecant A D, Sc. Fig. 44. 


1. Make E & to AC, ſo is the arch E G Ca quadrant. 2. Thro' 
A the center of the given arch, and over G its top, draw the line AD, 


3. Draw CD &. to AC, or parallel to A E; alſo GB parallel to AE, 


and E F and GI both parallel to A C, ſo is C D the tangent, D A the 
ſecant, G B the ſine, GI A the co- ſine, B C the verſed fine, I E the 


co- verſed fine, A F the co- ſecant, and EF the co- tangent of the arch 
G C, each of which may be meaſured on the diagonal ſcale that A C was 
taken from. In like manner, becauſe one of theſe arches E G and G Cis 
the complement of the other, therefore, E F is the tangent, and C D the Wl 
co-tangent of the arch E G, &c. 


PROBLEM LV. 

To deſeribe a circle thro any three points, as the three angular 
Points of a triangle ABC. Fig. 45. Or, to find a poiut D 
_ diſtant from the three points A B C, not lying in a ftrcight 
ine. 


1. By problem 3, biſect the diſtance between any two of the three 
points, as A and ; again biſect the diſtance between the third point and 
either of theſe, as B and C, and at D where theſe two biſecting lines meet, 
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is the center of the circle required, which ſweep with the radius D A, and 
its done. 8 


A PROBLEM LVI. 
Oven any arch of circle as ABC, to find the whole circle, 


a Fig. 45» 

1. Take any three points in the given ſegment, as AB C, and by the 
lat problem find D, the center of a circle to paſs thro? theſe three points, 
2. With the radius DA = DB =D C, deſcribe the circle, IH 

If che chord AC, and verſed fine or height D B (fig. 46.) were given, 
to find the diameter of the whole circle, it is the ſame, for the circle re- 
quired mult paſs thro? the three points A BC. 

Todo this arithmetically,——Let A C = 120, and DB=36, then, 
as ED36:DP60::DP60: DC (fig. 38.) 100, which added to 
ED 36 gives 136 =E C, for the whole diameter, a 


PROBLEM LVII. 
Given D B the diameter, and I B the verſed fine of a ſegment 
OBO, to find OI half the chord of that ſegment. F ig. 43- 


This is but to find I O a mean proportional between D I and B I, 
as is done by problem 45. Theſe two problems are of great uſe in 


Ws meaſuring ſegments of circles, globes or ſpheres. 


PROBLEM LVIII. 
To find the length of any circular arch as ABC. Fig. 46. 
1. Divide the chord A Cinto four = parts, and ſet one of theſe parts 
on the arch from C to G. 2. From G to E the third of theſe =parts, 
draw G E, which is = half the length A B C nearly. 


PROBLEM LIX. 

To find the length of the abou:ſzidarch A B C nearly by arithme= © 
tic. Fig. 46. 

1. Multiply A B the chord of half the ſegment by 8, and from that 


product take A C the chord of the whole ſegment. 2. One third of the 
remainder is nearly equal to the length of che arch. 


* 
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Note. This method gives the length of the arch ſomewhat too little, 
and the greater the arch the greater the error. There can be no rule 
given for finding the length of an arch exactly, till ſome method be found 
for ſquaring the circle truly; yet this way of finding an arch, will ſerve 
in common practice. | 

If you know what degrees are contained in any ſegment's arch, you 
may find the length of the arch truly by this 

RULE. As the periphery of any circle in degrees is to its periphery in 
equal parts, ſo is any arch in degrees and decimal parts of a degree, to 
the {ame arch in equal parts, 

EXAMPLE. Suppoſe the circumference of a circle to be 71, and the 
arch to contain 520 15/, or 52,259, what is the length of that arch? 


As 3609 : 71 :: 52.259 : 10.304 the anſwer, 


PROBLEM LX. 
From ary given circle AO F C, to take away a ſegment C F 
OA, containing an LCF A to ag ven L 2. Fig. 47. 

1. Draw the line B A L &. to the diameter A F. 2. Make the L 
AB S the given L z. drawing A C till it cut the circle in C, and it is 
done. For the L C Ah taken from 9oo leaves the L FA C, and FAC 

taken from 500 leaves the LA F C, (becauſe the LA CF = 900) con- 
ſequently the LCFA=LCAB, 
PROBLEM LXI. 
Upon a given line B F, to make a ſegment of a circle FL O, in 
which the LF L B ſhall be S to a given LABF. Fig. 48. 

1. Upon the angular point B, ere& the a. B L. 2. Upon F make the 
L BFI the compliment of the given L, viz. LF B L, cutting BL 
in I, ſo is I the center of the ſegment required, which deſcribe, join 


FL, and it is done. 
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PROBLEM LXII. 

Given any circle A to find how many circles of equal magnitude will 
touch it and one another. Fig. 49. | 
1. Becauſe the three ſides of an equilateral A are equal, if with half 


of any of theſe ſides in your compaſſes, and one foot on each angular 
point, you {weep a circle, it is plain theſe three circles will touch one 


another, as the circles ABC, deſcribed upon the angular points of the 
equilateral A A B C; now, becauſe any circle may be divided into.fx 


equilateral As, hirefore divide the periphery of the given circle A into 
ſix = parts. 2. Thro' A its center, and each of theſe parts, draw lines 


AB, AC, &c. each = twice its radius beyond its periphery, which will 
be the diameters of the circlesrequired, in number fix, 


PROBLEM LXII. 


= 7 find D E the radius of a circle — to the ſum of three or more 


given circles, whoſe ſemi-diameters are AB, A C, and A D. 
Fig. 50. 

1. Make a right L D A E. 2. Lay AB from A to B, and A C, 
from A to C, join B C, ſo is C B the ſemi- diameter of a circle equal to 
the two given ones A B and AC, 3. Lay B C from A to E, and AD 
from A to D, join E D and its done. See theorem 13. 


PROBLEM LXIV. 
To find A B the ſemidiameter of a circle, S to the difference between 
two given circles, whoſe ſemidiameters are AC and CB. 
Fig. 50. 
1. Make a right LEA D, in which make AC —AC. 2. With BC 
in your compaſſes and one foot in C, croſs the & A E in B; ſo is BA 


the ſemi · diameter required. See theorem 13. 


PROBLEM LXV. 
To araw a tangent T P, to any aſſigned point P, in a given curve 
APD. Fig. 51. 


1. Atangent to any point in a circle, is at right angles with a diameter, 
from that point; therefore find C the center of a circle (upon AB the 
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axis of the given curve) to touch the given point P. 2. Join P C, and x, 
to PC draw PT, which is the tangent to the point P, both in the curye 
and circle. | 


PROBLEM LXVI. b 
Te draw a line CP perpendicular to any given curve or arch, A 
| PD. Fig. 51. 
This is already done in the laſt problem, For CP is & to the tan- 
gent T P, and conſequently to the curve in the point P. | 


PROBLEM LXVII. 


To make a ſpiral upon a given line E e. Fig. 52. 
1. Divide the given line E e into =parts cd, dc, cb, bB, BC, &c, 


two of which neareſt the center, biſe& in the point A. 2. Upon A, with 


the radiuſes AB, A C, AD, &c. deſcribe the ſeveral ſemicircles above 
the line e E. 3. With the radiuſes g b, gc, gd, &c. and one foot in 
g. ſweep the ſemicircles below the line e E, and it is done. 


> CIRCUMSCRIPTION and INSCRIPTION 


of FiGuREts, in twelve Problems. 


DEFINITION. A figure is ſaid to be inſcribed in 
another figure, when all the angles of the former are in the 


periphery of the latter. Or, to inſcribe a figure A within a 


figure B, is to cut the greateſt figure A that can be out of 
the figure B. 


PROBLEM LXVII. 


In a given circle A E B D to inſcribe a ſquare. Fig. 53. 

I. Draw the diameter D E, and biſect it with the diameter A B. 
2. Join the points A E, E B, BD, and D A, with right lines, and it is 
done. 


Note. By this method you may make a ſquare. 
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PROBLEM LXIX. 

About à given circle to circumſcribe @ ſquare, a b de. Fig. 53. 
1. Croſs the circle with two diameters DE and AB. 2. Take the 

radius D C= C A, &c. of the given circle, and one foot in A, D, B, E, 


ſceverally, deſcribe the pricked arches, croſſing in the points a, b, d, e, 
f W . which points join with right lines, and its done. 


PROBLEM LXX. 


Out of a given circle to cut the greateſt rhomboides poſſible, whoſe 
length may be to its breadth, as the line b is to the line a, and 
each of its acute Ls = toa given L 2. Fig. 54. 

1. Draw the diameter A C, and produce it if neceſſary. 2. Lay the 

W line a from the center D to C, and make the L ECP = the given £ 

28, making CP S to the line b. 3. Draw DP cutting the circle in u. 4. 
Pra u 2 parallel to CP, 5. Produce u 2 till z n= z u. 6. Make Dy 

—= Dz, and with zu in your compaſſes and one foot in y, croſs the circle 

in a. 7. Join Y a, and produce it till ye = ya, join a n and e u, and it 

is done. For the As D z u and DCP are alike; therefore as a: b:: 

DC: CP: : DZ: zu:: an: au, by taking a ng Zy Z= 2D, 

and au zu. 


PROBLEM LXXI. 


Out of a given circle to cut the greateſt rettangle poſſible, whoſe 
length may be to its breadth as 3 to 2, or 3oto20. Fig. 55. 


1. Draw the diameter A B, produced if neceſſary. 2. Take 30 from 
a ſcale of = parts and lay it from the center C to a. 3. Upon a, erect 
the & an, making it = 20 from the ſame ſcale. 4. Draw Cn cutting the 
circle in b. 5, Make Ae, B q, and B feach A b, and join f q, q e, e b, 
and b f, and its done. For e b being parallel to n a, the As n Ca, and 


b Co are alike; and therefore, as in the laſt problem, as 20: 30 :: na 
za C:: bo: o C:: eb: e. 


PROBLEM LXXII. 
Within a triangle A B C, to inſcribe a circle. Fig. 56. 


1. By problem 8, biſe& any two of the Ls, ſuppoſe the Ls B and E, 
and where the biſecting lines meet, as at D, is the center of the circle. 
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PROBLEM LXXIII. | 
Given D R the radius of a circle, or the circle itſelf IL. G F, to bs 
cut into a triangle, whoſe ſides may be in a given ratio, as the 

lines a, b, c. Fig. 57. 

I. With the three given lines a, b, c, or any other three lines in the 
ſame ratio, make a A, a b d; and by problem 55, find E the center of 
its circumſcribing circle. 2. Upon E, with the given radius D R, deſcribe 
the circle, and thro” the angular points a, b, d, draw the ſemidiameters 


Ea, Eb, and E d, which join with right lines, and you'll have FL G 


for the A required. 

Note. By this method, if any figure be inſcribed in a circle, you may 
inſcribe another ſimilar figure in any other circle, whether greater or 
leſs, by deſcribing one circle upon the center of another, and drawing 


© ſemi-diameters thro every L, &c. 


PROBLEM LXXIV. 


To inſcribe ina circle FLG, a AF GL, having = Ls with a 


given A, a, b, d. Fig. 57. 
1. Draw the line G A touching the circle in any point G. 2. Upon G, 
make the LF G Ag La b d, or any L of the given A drawing G F till it 


cut the circle in F. 2. Upon F make the LGF L=L ba d, or any 
other of the given Ls; join G L, and G L is the A required. 2. E. 4. 


PROBLEM LXXV. 
To circumſcribe about a given circle FG H, a AL mn, having 
= Ls withtheſe ina given A ABC. Fig. 58. 


I. Extend the fide A C, making the two external Ls DCB and 


E AB. 2. At E the center of the circle, make the LF EH =LDCB, 


and the LHEG = LEAB. 3. Join theſe points F, G, H, with right 
lines to touch the circle, and you'll have Lm n for the triangle required. 
3. E. 4. Theſe two problems may be done alſo by problem 73. 


PROBLEM LXXVI. 


To inſcribe and circumſcribe a circle about any regular figure, ſap- 
poſe a hexagon. Fig. 59. 


on * 
* — * 
» by 
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1. Biſe& any two ſides E E and ED, of thè given palygon, and at C, 


W where theſe hiſection lines meet; is the center of the polygon. 2, From 


C drawthe line C E, fo is Cd the radius of the inſeribed circle, and GE 
that of the circumſcribing circle. 41. E. 4. 


PROBLEM LXXVII. 
To inſcribe and circumſcribe aboitt any circle any regular figures 
ſuppoſe a hexagon. Fig. 59. 

1. By problem 27, in the given circle inſcribe the figure. 2. Biſect 
the ſides of this inſcribed figure with the lines C d, Cd, &c. and where 
theſe biſecting lines touch the circle's periphery as in e, e, &c. draw 
lines parallel to EE, ED, &c, which will cut one another, and form 
the figure required, 


PROBLEM LXXVIII. 


; | a In a given circle HI K, to deſcribe any number of equal circles, 


ſuppoſe three. Fig. 60. 
1. Divide the given citcle's periphery into as many = parts as are the 
number of inſcribed circles, H, I, K, and from the center C, draw lines 


C, CI, &c, to each of theſe parts. 2. Draw a line I K between any 


two of theſe = parts, 3. On C K produced, layK L= AI K. 4. Par- 
allel to IL (having joined I L) draw K F, cutting CI in F, fois Fl 
the radius of one of the circles required, = EH GK. Ocherwiſe, 
by problem 73, make a regular polygon of as many fides as you want 
circles, upon each L of this polygon ſweepan ↄ circle to touch each o- 
ther, and the center of the polygon will be the center of the circumſeri- 
bed circle ; then it will be, as the radius of this circle is to the radius of 


one of its inſcribed ones, ſo is the given circle's radius, to the radius of 
one of the required ones, 


PROBLEM LXXIX. 
A a ABCD, to deſcribe 4 A ef g, havitg = Ls toith 
a given A E FG. Fig. 61. 


1. Upon any fide A B of the given Q, make an L A Bf =LG, 
and the LBA f LE, continuing f B and f A till they meet CD 


2 in 5 and e, and it at tor AB is parallel to C D, the & 


D 
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PROBLEM LXXX. 

8 About any A A B C to deſcribe a J. Fig. 62. 
1. Produce A B, or any fide of the given A, and from the third an- 

gular point C, (by problem 4) let fall the & C D, making DE = AD. 

2. With the radius A Dor D E and one foot on A and E ſeverally, de- 

ſcribe two arches croſſing each other in F, join EF and A F, ſo is 

ADE F the U required. | 


| PROBLEM LXXXI. 
Within ay & E P F, to inſcribe a UL LSK. Fig. 63. 
1. By problem 6, let fall the & PO. 2. Parallel to P O draw F Q 
making it S the baſe EF. 3. Join O Q cutting P F in 8, from S draw 
SK parallel to P O, and S L parallel to E F, alſo, L L parallel to PO, 


and it is done. For by ſimilar As, as FO: EF (FC:: K 0 (e 8) 
8 K, and, FO: FE: : es: LS, therefore, K SS L, conſequently; 


KL LS (being a rectangle) is a U. 5 ; 
PROBLEM LXXXII. 9 


'To augment a UA B C D t any proportion, ſuppoſe to an 
| octuple proportion. Fig. 64. 8 
1. Produce A B and A D, any two ſides of the given U, as alſo the 1 xt 
diagonal A C. 2. Make A Land AH each = A. C, and complete the 
DAH EL, which is double the given A BC D. 3. Make A M and 
A each = A E, and complete the A IF M, which is double the U 
AH EL, or = 4 times AB CD. 4. Make A K and AN each g AF, 
and complete the AK GN, and it is done. For, by theorem 13, the 
OAK GN is 8 times the ABC D. To diminiſh a U is but juſt the 
converſe work, as is evident by the figure, What is ſaid here of ſquares, 
will alſo ſerve in all like figures, as is plain by theorem 36. 


PROBLEM LXXXIII. 
Mitbin any A ABC, to inſcribe a rectangle, wheſe length may 
be to its breadth as Eto F. Fig. 65. 
1. By problem 43, make it as E: CA:: F: CF, then make C 
= CF and parallel to the & B O. 2. Join O Q cutting C Bin a, draw 
2 d and bc, each parallel to BO, and join a b, fo is a be d the rec- 
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eangle required; for, (by ſimilar triangles, as inthe 10 problem) as 
OC:0d::CF(CQ) : da, and as Od: Od (ae) :: AC: ba, 
ſo by equality of ratios, CF: AC:: da: ba; but by conſtruction, 
asE:F:: AC: CF, therefore, as E: F: : ba: da. Q. E. D. 


PROBLEM LXXXIV. 


Required the greateſt rectangle that can be cut out of any given A | 


AB C. Fig. 65. 
1. Biſect B O the & with the line a b. 2. Parallel to ; O draw ad 
and bc, ſo is a b c d the rectangle required, By theorem 142. 


PROBLEM LXXXV. 


Rom any regular polygon Aq no m, to inſcribe an equilateraF g 


ABD. Fig. 66. 

1. Thro' A, (or any L of the polygon,) and C the center of the cir- 
cumſcribing circle, draw the line A CG. 2. With the radius C A, upon 
A, deſcribe the arch C E, whoſe middle is at F, ſo draw A F, cutting the 
fide of the polygon in B. 3. With AB in your compailes, and one foot 
on A, croſs q n in D, join A D and DP, and it is done; for join A E which 


will be the ſide of a hexagon, alſo = A C by conſtruction, now LCA E, 


the L of a hexagon is double the CAF, that of an equilateral A, 


and by conſtruction, arch CF=FE, Q, E, I, or, the LCAE being 


= 609, the LCAF = L C AD willbe = 309, be the polygon what 
it will. 8 


PROBLEM LXXXVI. 
I a given rectangle A B E F, to inſcrile a A AP B, whoſe 2 
fides A P and P B may be as a to e. Fig. 67. 
1. By problem 41, make it as a: e:: A C: C, (i. e. lay a from 
A to a, and e from a to e, join e B, and thro' a draw a C parallel to 


e B) alſo make it as A C -B C: B C:: AC: Ce. 2. With the ra- 
dius Ce deſcribe the ſemicircle C RD, and draw the radius O R &. to 
C D, on which lay A E B F from O to n. 3. Thro' n and parallel 
to CD, draw the chord P P, cutting the ſemicircle in two points P and 
P, (which ſhews that the problem admits of two different ſolutions): 


Join PA and P B, and it is done. See theorem 20. 
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REDUCTION of FIGURES 
Of one form to another, keeping their areas or magnitudes 
equal. In ſeven problems, 


PROBLEM LXXXVII. 
27 reducen reclangle ABCD ran CEF G. F ig. 68. 


If you conſider what two things multiplied together will give the area 
of any figure, then a mean geometrical proportion between theſe two 
things is the fide of a ↄ in area to that figure; ſo produce CD a 
Tide of the given rectangle, till CL = AD, or C B its breadth, upon 
ED as a diameter, deſcribe a ſemicircle cutting C B produced in G, fo 
is CG (by problem 45, ) a fide of the I required, In this manner 
you may reduce any number of rectangles to a (7, for it is but reducing 
every ſingle U &c. to a , and then adding all theſe Qs together, 


as taught in problem 63. 


PROBLE M LXXXVII. 
To reduce any trapezia A B C DEA ABC, Fig. 69. 


1. Draw the diagonal A C, and parallel thercunto draw B E, cutting 


0 produced in E, jaia A E, and it is done: for the As BAC and 


E*A C both ſtand upon A C, and have each an Lin the parallel B E, 
and ſo (by theorem 31) are equal. 


PROBLEM LXXXIX. 


From @ given point P in any right lined figure A BCD E, to re- 
duce it to a A PH G. Fig. 70. See the laſt problem. 


1. Join B D, and parallel thereunto thro' C draw a e, and join a B, 
Go is the A B C D reduce d to the A B a D, for they both ſtand upon 
B P, and have each an L in the parallel a e. 2. Join P B and parallel 
to it draw a H, fois the A BP A= 4A PHB, for they both ſtand 
upon B P, and have each an L in the parallel a H; whence the A P 
H Bis = the ſpace ODaP. 3. Join AP, and draw K G parallel to 


2. 


dS. 0 . HS O95 SS. AE __ 
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AP, then join E G, fois he AP G A=APE A, for they both ſtang 
upon A P, and have each an L in the parallel EG, ſo ? HGss the & 
required. 

PROBLEM XC. 

Given any number of different As, ſuppoſe tivos A B, C and CDE, 
to make one A NF O =to them all, whoſe & or height F m Hall 
be = to a given line a b. Fig. 71. 

1. On the ſame line N E, join A C and C E, or any two ſides of the 


given Js. 2. By problem 1, at the diſtance of a b draw GQ paralle] 
to N E, cutting the ſides B A and B C, of the A A BC, in I and F. 
3. Join F 4, and paralle] thereunto draw B N, cutting C A extended 


EF inNfoisthe/ FN CS ABC, (having joined FN). 4. Produce 


CD ill it cut F Qn Q: join QE, and parall l thereun to draw DO, 
cutting AE in O, then jom O ſo is the AO QC EDC. 
5 Join QMN or FO, and it is done, For draw the &s B n and F m. 


now becauſe B N is parallel to F A, the AS NB C and AFC are ſimi- 


lar (having the ſame Lat C ;) therefore, as BN: NC: : Fm: A C, 


ergo. NC Xx FmSAC xBn, i. e. A ABC SAN CJ after the 
ſame manner it may be proved, that the A C DES A CQO, alſo, 
(by theorem 31.) = AF OC. 


PROBLEM XCL 


To find the ſum and difference of any right lined figure AB CDE. 
Fig. 70. anda given parailelogram AB CD. Fig. 72. 

1, By problem 89, the irregular figure A BCD E, is reduced to 
the A G PH, whoſe baſe G H, biſe& with the line QM, and draw 
RG parallel to QM. 2. Thro P and parallel to G H, draw R T, ſo 
is the A GP H, reduced to the rectangle G B QM. 3. Make the L 
TMN=LBorCofthe given AB CD, and parallel to M T 
draw GS, ſo is the rectangle G R QM SGM T, extend G H 
on both ſides, making MN A B, or C D, and make MU =A C or 
B P, thro' U draw F Z parallel to G H, draw Z N parallel to U M, 
lo is the M U ZNS the given one A B C D, then (by problem 9o,) 
draw U G, and parallel thereto draw T L, cutting H G extended in L, 
parallel to UM draw LF; laſtly, lay A B from L to w and from Fto 
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t, and its done. For, (by problem 90, ) ALFUM=DOGSTN, 
therefore the ſum required is the LF ZN, and the difference is 
the Ft WL; whence, (by problem 8,) you may reduce any irre- 
gular plot to a A; and (by problem 90, ) any number of As or [3. to 
one A or Q, and by this problem find the ſum of ſuch Cs and LB, 
and ſo perform menſurations geometrically, 


| PROBLEM XôCll. 
Toreduce any plot ABC D E, according to any proportion, as a lo b. 


Fig. 73. 
I. By on 50, take DE, or any of the ſides, and make it as 


ba: b:: DE: Je E, and draw the diagonals E C, E B, &c. 
2. Thro“ e * parallel to D C, draw ef, cutting E C in f, parallel to 
B C and B A draw f g and g h, and its done. For by theorem 15, as 
a bi ABC DE: e fgh E. 


PROBLEM XCIIL 
To enlarge a plot e f g h E according to any proportion, as h is a. 


Fig. 73. 

1. By problem 51, enlarge any fide Ee in power as b toa, i. e. make 
tasb:b+a:: Ee: ED, draw the diagonals Ef, Eg, &c. at large, 
2, Thro' D and parallel toe f draw D C, cutting E fin C, thro' C and 
parallel to f g draw C 3, cutting E g in E, &c. and its done. For as h 
a :: plot ef g h E: plot A B C D E, by theorem 16. 
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DIVISION of FIGURES or PLOTS. 


In twenty-ſix PROBLEMS. 


This depends chiefly on Theorems 14, 15, 16, 3t- 


PROBLEM XCIV. 
To divide a circk EFD G into any proportion, ſuppoſe as the 

line De is to the line e A, by another circle a de b deſcribed upon 

C the ſame center. Fig. 74. | 

1. Having drawn the diameters D E and F G at right angles to 
each other, then (by problem 41.) divide the ſemi- diameter C P, as 
De: e A:: Dn: n C, and upon n E as a diameter, deſcnbe the ſemi - 
circle n a E, cutting F G in a. 2. Upon C with the radius C a, deſ- 
cribe the circle a d e b, and its done; for, as De: e A: : the area 
of the ring DdFaebGE : to the area of the circle ade b; for 
De +e a is = or proportional to the area of the circle E FDG, and 
e A to the circle ade b by conſtruction, ſo by theorem 16, as De + 
eA:ODC,ogDE::eA: d Cor N d b, for Ca is a mean 
proportional between C D and C n, or = C D divided, as by problem 
50, for let a C DSC e, and e C n, figure 74, then: a e: xe 
(EC Cn)ae ee Ua; alſo, let a De, and e Ee, 
figure 73, then a xe (De xe E) ae e e, and a e aa 
(De e Je E) Ea e, whence it is the ſame whether you find a 
mean proportional between a whole line C D and C n one of its ſeg- 
ments, or divide the ſaid whole line in power, as by problem 50. | 


| PROBLEM XCV. 
VE F DG be a round table, whoſe diameter ED or F G, is 
100 inches, let it be required to divide it into tes unequal parts, 
O EGO OF O, as 1oto1,by achord line OO. Fig. 74. 
1. This is eaſieſt done by the table of areas of ſegments, thus, the 
diameter of the circle being 100, its area will be 7854, then as 11 


(viz. 10+ 1): 1:: 7854 : 714, the area of OF O; but the greateſt 
area in the table of ſegments is O, 7854, (viz. the area of a circle whoſe 


2 * * - _—z. 
=_—_ 6 * 
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diameter is unity) the x 1th part of which is 07 14, the neareſt to which 
in the table under ſegmentarea, is ,071741, and the verſed ſine againſt 
this ,071741 is 0,147 ; then ſay as 1: 0,147 :: 100: 14,7 =F z, the 


height or verſed ſine of O F O, which taken from F G 100, leaves Gz 
85, 3 the verſed fine of O G O, as required. 


PROBLEM XCVI. | 
To divide a H A G fe into any poſſible proportion, as a to b, by 
a line drawn from any point, as at P. Fig 75. 


1. Itis plain by the figure, that the line of diviſion muſt cut the ſides 
e A and f G, ſothro'g and n the middles of the other two fides, draw 
the line n g, which muſt divide the given UA G fe into 2 S parts, which, 
by problem 41, make as a: b:: n L: Lg. 2. Thro' L and the given 
point P draw UL P, and it will be as a: b:: UAE GP: fe UP as 
required, For if tw be parallel to e for A G, then becauſe as a: b:: 
n L: LG; and all s or As ſtanding upon the ſame or equal baſes e f 


t w, A G, are as their heights L g and L n, therefore, as a: b: n L: 


LG:: LAG wt: Qvfet; and becauſe Lt = L w, and e A, 
gu and f G are all parallel, it follows that ALP w = A Lut, conſe- 


quently the line up may turn upon L as a center, and will ſtill keep the 


U Asð fe drided in the ſame proportion as long as it cuts the ſides e A 
and G f, but if it vary ſo as to cut aſide G f and an end A G, the pro- 


portion cannot hold; for then the A LP w will not be A Lut, and 
this you are to underſtand in the following problems where mention is 


made of poſſible proportion. 
he PROBLEM XCVIL 
To divide a plat A B CD E, having two oppoſite fides A B and 
CD parallel, into any polſible proportion as a to b, by a line 
drawn from a point P any where given, and paſſing thra' theſe 


cus parallel ſides. Fig. 75. 


I. By problem 89, the figure is reduced to the trapezia G AB D, 
thro' the middle of whoſe ſides G A and B D, draw the line n g, which 


by problem 41, make as a: b: :nL:Lg. 2. Thro' L and the given 


q 
' 


! 
' 


* 
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point P, Ira the line U L. P. apd its done. For, as a: b:: UAE 
GP (=U AnGP): : DBUP(—UPfe;) for druf e paralleto AG, 


ſo the /.$ 4. and D g f arcequal, as by the laſt problem. 


| ; PROBLEM XOVIIL 
To divide als A BC into any proportion as a to b, by a line drawn 
from an L a to the oppoſite fide BC. Fig. 76. 


1. By problem 41, make it as 2: b:: CP: DB, join AD, and 
it is done. For the As CAD and CA B and DA B, nen 
one line B C, and meeting in one point A, have the ſame height, and 
ſo, by therem 31, are as theſe lines on which they ſtand, i. e. asa :b 

: ACAD; ADAB. 


\ 


_ 
PROBLEM XCIX. 


To divide @ plot A B C D into any proportion that is poſſible as 
a: b, by a line n Adrawn from an L A to its n C. 
Fig. 77. 

1. From the L A, by problem 89, reduce the plot to u AA EN 
whoſe baſe D E divide, by problem 4, as a: bt: Enton D. 2. Join 


n A, and its done. For, by the laſt problem, as A : b:: AAnE(s 
- AnCB):A AnD, 


PROBLEM C. | 
To divide a A A BC into any proportiam as a: b, 8 * 
from a given point E in aue of its fides B C. Fig. 78. 
1. From the given point E to its oppoſite £ A, draw the line E A, 
then, by problem 41, divide BC, i. e. as a: b:: BD: DC. 2. Thie? 
D and parallel to E A, draw D N, join E N, and it is done, i. e. as - 
B ENA: ENC, :; a to B. For join A D, and it will be, by problem 
98, aaa: b:: ABA D: ACA D; and by che figure, A DANA 
AND CADAC; allo, A CDN TAN D E, but A DAN 
AED N, for they both Rand upon N P, and have each 2 
B) in the parallel A- E, conſequently E NC . DAC. 
dee this dong by a different method, by problem 106. 8 
| | | KR i 
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From any affiened point P in the fide of any plot or right-lined f. 


gure B CD E, io divide the fame into any Propertion that 
is poſſible, as a iñ e h. Fig. 79. 
1. By problem By. the figure is reduced to we A GP H, hot 


baſe G H, make, by problem 31, as a: b:: HS; 8 G. 2. Join PS, 
and it is done. That is, as a: b: -SPDCB (SPÞH) : PEAS(PGS) 


by problem 98. For, APE = A PAG, by problem 88 and by the 
Egare, APGA+APAS=PGS=PEAS. QE.D. 


4 PROBLEM CH. 


To divide a L A B C into any proportion as a tob, ly a line Fu, 
making given LsBFU andBUF, with the ſides of the A which. 


t euts, or (which is the ſame thing) to be parallel to @ line D. 


any where giarn. Fig. 80. 

1. By problem 41, make one of the ſides, which the diviſional line 
FU 1s-to- cut, as a to b, viz. as a: b:: Bg: g C, join Ag, and thro 
A parallel to D draw Ae; then, by problem 50, make it ase B : (J 
eB :: Bg: (BF, viz. BE, as by the figure. Laſtly, thro' Fand par- 
allel to D or e A, draw Fu, and it is do ne. That is, as a: b:: B U 
F: UA CF. For the As B A G and B A e, having the ſame height, 
are as their baſes B g and e B, and by the problem A B u F muſt be 
B Ag; therefore, by theorem 15, as e B (A e BA): Ne B:: 
Bg(ABgAa)=ABUF): BF. Q E. D. 

Note. If the line of diviſion F U were to be the ſhorteſt poffible, 


fs: b continuing the ſame) then, by problem 15, it muſt cut the hides 


at = ls, viz. LBEVU= EBUF; alſo, if F U were to be parallel 
to an ſide A C, it is but drawing A e, ſo as to make L BeA=LB CA, 
viz. A e would become A C. 


PROBLEM CI. 
7¹ divide 4 fbr AB CD E into any proportiam thet is poſſible, 
as a to b, a A d drown purullm to um gruen Im R. 

Fig. 81. | 


n 
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4. it appears by the figure that the line 2 d of ſeparation muſt gat the 
Tides A E and C D, therefore produce thoſe ſides till they meet in H,. 
and then the figure reduced to a & is G A F, whoſe baſe & F, make 
as a: b:: Ga to F a, join A a, and draw A Q parallel to che giren 
line R. 2. Make it, (by problem 50, ) as H Qz QH Qz: Ha: og 
Hd, ſo thro' d and parallel ta R, or A Q draw 2 d, and it is done. 
That is, as a : b:: ZABCd:dDE z. For, as in the laſt problem, 
the As H a A and H QA, are as their baſes H a and H Qu; and 3. 
1s parallel to AQ. Therefore, by theorsm 15, as H Q: OH Q; ; 
Ha(AHaA AH DZ): QHAd. In the ſame manner, you may 


divide a plot by the ſhorteſt line poſſible, or by a line drawn parallel to 
one of its ſides. See the laſt problem. 


PROBLEM CM. 
To divide u A B C into any proportion as a 0 h, by a PM 
drawn from @ point P without the A. Fig. 82. 

1. Thro' the given point P, and parallel to A Cdraw P G, cutting 
B Aextended in G. 2. By problem 41, make it as a: bt. : AH: HB 
alſo, by problem 43, make it as GP AC: t AH: HI. 3. 5 
problem 45, find A L a mean proportional between A G and A l. 
which A L lay from H to M, join P M and its done. That is, as a : b 
:: AMD: M DC B. For, by problem 100, figure 78, it is evident, 
that, as CE: CD:: CA: CN, ſo by joining NE that problem is 
done; whence, if the point R were in the line A C, as at D, it would 
be as AD: AC: : AH: a fourth term, which laid from A towards B, 
will give the point required. But, P is the given point, and the As & 
MD and G MP are ſimilar, becauſe of their two parallel ſides AD and 


GP; fo, by theorem 15, A GMP: A ADP: A 
M. Q. E. D. 


PROBLEM Cy- 
To divide a plot, ABCDEF, according ts axy proportian that 


is poſſible, an a to b, ty a line SP, drawn frema giuen point cuith- 
out the plot, as at P. Fig. 83. 
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1. 1 appears by the figure, that the diviſional line muſt cut the ſides 
AF and CD, ſo produce theſe ſides till they meet in K, then from the 
'L C oppoſite to the given point P, the figure, by problem 89, is reduced 
to the A M CN, whoſe baſe MN, make as a: b:: MO: ON, 
2. Thro' P, and parallel to MN, draw PL, cutting CD extended in 
L, then make it, as LP:KO::KC:KX; find K q a mean pro- 
portional between LK and K X. 3. Always divide or find R the mid- 
dle between K and X, and join Rq, which Rꝗ ſet from R toS, and draw 
8 P, ſo it will be as a: b:: AB CSP: PS DE Fas required. See the 
laſt problem. hi 


PROBLEM CVI. 


To divide aA AB C into any proportion, as a to b, byalineRQ, 
© drawn from a given point within the & as P. Fig. 84. 


1. The dividing line being to cut A C and B C, divide either of 
theſe lines, as A C, by problem 41, thus, as a: b:: Aa: a C, and 
thro” the given point P, draw M L parallel to A C, and upon A C let 
fall the s UP and e B, then make it as UP: e B:: 4 Ca: CN. 
2. Thro' N and parallel to BC draw N M meeting LM in M, from 


the Def MP take the of L P, and a fide of that I which remains 


is QM, ſo thro Q and P draw the line of ſeparation Q PR, and it 
will be asa:b: :AQBR:CRQ., For by conſtruction, UP: e B 
4 Ca: CN, ergo UP NCReBNI T4 C, i. e. ANLCSTA 
CQR=QRL N; ſo that the line QR is to paſs thro' Pin ſuch a 


manner as to make thefpaceQRLN=ANLC, &c. 


; : ; 
Note. Pmay be ſo far within the A and the proportion ſo unequal, 
that this, and problem 119 may each be impoſſible, 


PROBLEM CvII. 
To divide a plot AB CD EF into any proportion that is poſſible, 
4a: b, by a line W drawn thro a given point P, within 
the plot. Fig. 85. * TE 


4 


AND MECHANIC. | 37 


+. It appears that the line of diviſion will cut the ſides AF and B C, 
fo produce theſe two ſides till they meet in K. 2. By problem 8, the 
plot is reduced to the A L CM; whoſe baſe L M make as a: b: iLN 


: NM, then, asa &. from P to A F a A. ſtom C to LM: : RN: 
Kk O. 3, Thro' O, and parallel to K C draw R O, alſo thro' P and pa- 


rallel to A F draw q R meeting R O in R. 4. From the of PR take 
the [7 of q P, and a fide of that I which remains is O U, ſo thro' U 
and Pdraw the line UP W, and its done; that i, as a: b:: ABWU 


: UW CDE F. See the laſt problem. 


PROBLEM CVIII. 

To divide a AB CD into four right angled As and a i) inthe 
middle, whoſe areas may be all equal, vis. cach = a fifth part 
of the given J. Fig: 86. 

1. Make D E CF, each = two ſiſths of AD a fide ofthe given q. 
and draw C F which will be parallel to DCand A B. 2. Upon C D 
as a diameter deſcribe the ſemicircle cutting E F in G, join G D and G 
C, ſo is G D C one of the As required. The other three As may be 
found in the fame manner; or thus, which is eaſier, draw B G AL to G 
C and AH _ to BI, and G D produced will cut A H perpendicularly 
in L, ſo is DG C, CIB, BH A, and A L D the four As, and GIHL 
the [7 as required. For GP being = + DA, it is plain, by theorem 
24, the ADGCis= + of the AB CD, whichwith the other three 
= AS, make of the ſaid , ſo conſequently there muſt remain 4 for 
the little GI HL. Q. E. D. 


PROBLEM CIX. 


To divide a right angled A ABC into four right angled ones 
CDF, BFD, BDE, and AD E, = to each other, and 
ſimilar to the given ont A B C. Fig. $7. 

1. From D the middle of the hypothenuſe draw D B, alſo D E and 

D F, parallel to B C and A B, and it is done. For, becauſe P E is pa- 

rallel to B C, and D F to A B, and DC=D A, therefore, E A 

EB DF, and FB=FC—E D. Q. E. D. 
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* : PROBLEM CX. : 
_ 57 h: O in a given A ABC, from which if three line} 
Wi be drawn to the three Ol A; B; C, they Mall divide the whole 
1 A AB C into three other As AO B, BOC, and C O A,; 
whoſe areas ſhall be as m, n, and u reſpeively. Fig. 88. | | 
1. In A C and A B produced if nereſſary, make C E and A F each | 
=n+n- u, joining E B and C F, make Ce=m, Ad g n, and 
Wi draw e b and d f parallel to E B and C F. 2. Thro' b and f draw b Q. 
4 and f P parallel to A C and A B, and at O where theſe two lines inter- 
ſect each other is the point required. For draw b H and B DA to 
AC, then the As CB E and C be, as alſo CB D and C b ¶ are ſimi- 
lar; therefore, it will be as m (Ce): m+ nXu(CE)::Ce:CB 5 
b H: BD: A AOC: ABC, by theorem 31, for the as 
AO C and AB C have one baſe A C; in the ſame manner it may be F: 
proved, that as n: mn u:: AA OB: A ABC, conſequently, 95 
su mu: ABO C: AAB C. Q. E. b. . 
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PROBLEM CXL. it 
By à line froman L Aina given A ABC, to cut off a part 
towards the l. B that ſball be = to agiven , whoſe fide is a b. | 

Fig. 89. 

1. Take A h = A the neareſt diftance between the £ A and its oppo- 
beſide B C, (viz. 4 a .,) and by problem 42; make it as A h (Cb) 
ab (C d) :: ab: dq, which d q lay from B to P, join AP, and it 
is done. For the A AP ; is = the area of a U whoſe fide is =a b, 
becauſe, by conſtruction, Ah (4 Ad) xBP =ab x «b. This may 
be done differently by the following problem. 


CY 
— 


PROBLEM CXIL 
Ly a line A G drawn from a given L A, in a plot ABC DE, 
to cut off a part towards the L B= to a given rectangle ab ab. 
Fig. 90. 
1. If the line of diviſion cut the fide C P, then extend C'D and A E 
till they meet, but the A A B Ci greater than the a bab, ſo A G 
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maſt cut B C, whence, if by problem 87, you reduce the re&angle a b 
a b toa U, the work will be the very ſame as in the laſt problem. 
Or thus, thro' A and parallel to BC draw L S, and upon C B raiſe 
the L EL, then, by problem go, make the rectangle BLSO =tothe 
given one a b a b, make OG O R and draw A G, fo is the A ABG 
=[I3BLSO=[Jab ab as required; for B LS O and AAB G 
have the ſame height B L, and B G the baſe of the A is double BO 


- 


the baſe of the rectangle. Q. E. D. 


PROBLEM CXII. 


From a given peint P in the fide of d A ABC to cut off a part 
B GP = to a given rectangle b c fe, Fig. 91. 
1. Thro' Pand parallel ta its oppoſite fide A B draw LS. 2. Upon 
B raiſe the L BL meetingSL in L. 3. Upon B L, by problem go, 
make the rectangle B LS O the given rectangle b c fe, or make it 
as BL:eb:: be: LS=BO, which B O lay from O to G, join 
p G aud it is done, as ia evident by the laſt problem. 


PROBLEM CXIV. 


To cut off from a plat AB CD E F apart ABP G F, 10 4 
given rectangle a be d, by a line P G paſſingthro' a given point 

P in one of its fes BC Fig. 92. 

1. Becauſe the dividing line is to cut EF and BC, produce theſe ſides 
till they meet which is at H. 2. By problemg1, add the figure HBA F 
to the given rectangle a b c d, and you'll have the Q be fe, to be cut 
off from the A H CE thro' P, ſo worł as in the laſt problem, and you Il 


t A BHG FPS che given Qa b c d, or the AHPG =the (J 
etc. 


PROBLEM CXV. 
Te ent off Hum u AB Ca part An PSE Abe D, 
ya line n P mating an Ln P A with the fide A C the A 
which it cats = is a given LE b A. Fig. 93. 
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1. From E upon A C let fall the LE F, and make bQ=2EP, 
2. Upon A Q as a diameter, deſcribe the ſemicircle cutting c b in m. 
thro' m and parallel to A C draw m n meeting A Bin n. Laſtly, thro? 
n and parallel to E bdraw n P and it is done. For the As A E b and 
An P are ſimilar, becauſe E þ in parallel to n P, and L A common; 
ſo as EF: AB: : ns (m b): AP. But by problem 45, U m b 
A b xb Ab x2 EF, by conſtruction; whence, as EF :: A b 


— oo Ab x V: Ab 2E: : 
:t:y/ Abx2EF «<* F — =AP,andAPxxz 


Ab x V. ARX2EF: 


nS=APxXi iAbx2EFt _ XIV: 


Ab x Abx2 EF 
A bxx2 EF: = 7 Ab garea AnP, whick 
2 E. 


is alſa = the given A be D. Q. E. D. 


PROBLEM Cxvl. 


From à given plot » TBD CN, 1 cut off a part n TAN 
= toa given rectangle A e u b, ly glinez P making given Ls with 
the fides C N and B F, vis, LNPn=LEbF. Fig. 94. 
x, Let the ſides B T and C N, by which the dividing line is termi- 

nated, be produced till they meet in A; then it is plain, that if to the 

given rectangle A e ub, by prablem 91, you add the ſpace A T2 N, 

and of that ſum make a Ab c D, the wark will be the very ſame as 

in the laſt problem, and the directions for it will ſerve for this alſo, 
Nate. In this manner you may cut off a part by a line drawn parallel 
ta any of the ſides ſuppoſe D B, it is out to draw E b parallel to DB, 

&. ar alſo by the hortelt line poſſible. This is but ta make A E = 

Ab and then join G B, and let fall the 1. E F, &c. 


PROBLEM CXVII. 
To cut off from a A B C, a part E AD = to a given Owhejs 
ide is a by by a line PD drawn from e point P without the G. 
Fig. 95. 
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1. Thro' P and parallel to A B, a ſide of the given A oppoſite to P, 


draw Q P meeting the fide A C in R, draw AQ Lto A B, and upon 


it make the AA QS O S the given [7]. 2. With the radius A G = 


2 AOR, and one foot on A, deſcribe the arch G, with the radius 


O A and one foot on O, croſs it with another arch in G, draw A G 
produced to F, making G F R, join FO, and make O D=F O; 
thro' D and P draw DP and its done. For, draw R H parallel to E D, 
upon O with the radius O A deſcribe the circle, and extend F O tom, 
making the diameter n O m. Then, by conſtruction, G FRE. 
AF=ATandFO=OD, whence AD=mFandDT=aF, 
and, by theorem 11, ADXDT=mFxnF=aAFxXFGC=AP 
RP; whence, AD XxDT=ATxDH, becauſe DH=R P, 
(for D His parallel to R P, and R H to PD) now if to each of theſe 
IJ be added the CA D x AT weſhall have ADXDT+AT 


=ATxXxXDH+ AD,or ſJAD=AT x AH; now, let bRr 
=AQ=0S,a=AO0=O0T,r=RP=DH, then becauſe the 
As EA D and R A) are ſimilar, it will be as 2a+r (A H: b 


b : 
(R r) :: #/:4aaþ2ar:(/:ATXAH) — 


b V: 4aa 2a: 
whence 210 EXAD= ——— -——X4/:422a +247: 
| AA +2T 


bx: 4aa T2 ar 


2 —-——-—= ba area AA D E, which is alſo = area 


4a +2 
Ad. Q. E. D. 


PROBLEM C XVIII. 


| To cut off from a given plot 1 HL CE B, a part LEDIH 


= to a given rectangle A B a O, by a line E D drawn from a 
given point P without the figure, Fig. 96. 


F 
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I. Becauſe the dividing line ſeems to cut the ſides C L and BI, pro- 
duce thoſe ſides till they meet in A. 2. Thro' P and parallel to A B 
draw R Q meeting the LAQ in Q and the fide A C in R. Now it is 
Plain by the figure, that if to the given rectangle A B a O you add the 
ſpace A L HI, and of that ſym upon A Q make the regangle A GO, 
the work will be the fame as in the laſt problem, and performed by 
the ſame directions and letters. | 


PROBLEM CXIX. 


From 2 given point P withina A A BC, to cut off a part AED, 
SD to a given rectangle A QSO. Fig. 97. 


1. Throꝰ the aſſigned point P and parallel to A B, draw a line QS 
meeting A C in R. 2. Upon ABerect the L AQ meeting SQin Q. 
3. Upon A Q make the (JAQSO = to the given one A Qs O. 
4. With the radius A G AOT 2 RP and one foot on A deſcribe 
the arch G, and with the radius O A upon O croſs it with another arch 
in G, join AG, make A F= AO, and thro' O and F draw O F, make 
O DSF O, ſo thro' D and P draw D E and its done. For, upon O, 
with the radius O A deſcribe the circle, and extend F O till it become 
the diameter n o m, parallel to E D throꝰ R draw R H, ſo is HD RP, 
becauſe Qs is parallel to AB; alſo A D m F, becauſe A FAO, 
F Gg 2 RP and DO g F O by conſtruction, whence, DT nF. 
Now, by theorem 10, AFxFG —=nFxmF=ADxDT=AO 
X2RP= (2 AO) TAXRP, whence A Dx DT=ATxHDthe 
very ſame as in problem 117, this being the ſame ſtep inthe demonſtra- 
tion there. 

Alſo, as problem 118 is done by problem 117, it will be as eaſy by 
this problem to cut off a part from a plot by a line drawn thro” a point 
within the plot, &c. 

N. B. Theſe problems for cutting areas, and the foregoing ones for 
dividing areas in proportion, may both be wrought one way; for ex- 
ample, if it were required to divide 54 in ſuch proportion as 5 to 1, 
ticit, 5 + 1 =6, then ſay, as 6: 54: : 1: 9 or 5: 45, fo that to di- 
vide 54 as 53 to 1, is the fame as to cut 54 into 2 parts, 45 the greater 
and 9 the leſs, be the figure what it will. Alio if you would cut q acres 
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from ſome Ggure or plot whoſe area is 54 acres and chooſe to do it by 
proportion, then 54 — 9 = 45, ſo that proportion will be as 9: 45 or 
lower as 1 to 5. 


Thus have I explained two ways of performing thoſe difficult prob- 
lems; but the eaſieſt and mat practicable method for dividing, &c. 
ſuch ſurfaces, you'll find in ſurveying, yet the foregoing methods are 
geometrically true, and may ſerve as good excerciſe for young ſtudenta 
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PLANE TRIGONOMETRY, 


In Nine PROBLEMS. 


Shewing the Rules, Axioms, &c. with the Geo- 
metrical, Inſtrumental, and Logarithmetical 
Solutions of all the Cafes of Right and Ob- 


lique Triangles. | 


PROBLEM CXX. 


DEFINITION $. 


t. Trigonometry implies the meaſuring of As, and is here mndet- 
ſtood to point out the relation or proportion that is between the ſides 
and Ls of a A, from the reſpective data in the various caſes of right and 
oblique angled As. 

2. Every & conſiſts of 6 parts, viz. 3 ſides and 3 Ls, any three of 
which, if one fide be known, the reſt may be found; but from the 3 Ly 
only no determined & can be obtained, for the problem admits of in- 
finite anſwers, ſince any fide may be ſuppoſed at pleaſure, and with it 
and the Ls may ſides be found correſponding; the ſame reaſoning holds 
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when only two of the ſix parts are given. In taking heights, diſtan- 
ces, &c. your only buſineſs will be to ſecure three parts of a A, and 
one of them muſt be a ſide, to find the reſt, or elſe all your labour will 


be to no purpoſe, 


2. A diagonal ſcale is a ſcale of = parts diagonally divided, from 
which larger numbers may be taken than from a ſcaleof = parts only. 
Thoſe ſcales are for meaſuring and laying down right lines, as the ſides 
of As, &c. but the Ls are meaſured and laid down from a ſcale of 
chords, | 


4. All the parts of the ſame figure whether ſides, -Ls, baſes or dia- 
gonals, muſt be taken from the ſame ſcale of = parts, otherwiſe your 


work will be faulty; but an L may be meaſured from any ſcale of 
chords, | 


5. If your numbers to lay down be too large or too ſmall for your 
diagonal ſcale, they may be diminiſhed by diviſion or augmented by 
multiplication thus, 25205 divided by 100 makes 252.05, ſo you may 
take 252 and a little more from your diagonal ſcale; then ſuppoſe a 
ſide of the ſame figure make 7 504 on your ſcale you mult multiply by 


100, the reaſon of which is evident, viz. becauſe you divided by 100 


in laying down, ſo that your 7504 becomes 75050 ; the contrary holds 


if your numbers be too little; this alſo muſt be obſerved on Gunter's 


ſcale or line of numbers,on all ſcales, rules, &c. ſo that if you multi- 
ply or divide any right-lined part or number, in order to increaſe or di- 
miniſh that part or number, you muſt do ſo with all the reſt. Six Ls 
will not admit of ſuch multiplication or diviſion, ſo that whether they 
are great or {mall they muſt be projected or meaſured in their original 
ſtate, But the radius of the ſcale of chords may be increaſed and dimi- 
niſhed at pleaſure, And as 609 is the radius of a circle whole periphery 
is 3609, you muſt always with the chord of 60 and one foot on the 
angular point, deſcribe an arch to cut the two ſides ſubtending an L, 
produced if neoeſſary, and then this arch or ſubtenſe meaſured on the 
ſcale of chords you took the radius from ſhews the quantity of that L if 
not aboye 909.00, but if more you mult meaſure it at twice, and take 
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the two meaſurements in one ſum, This meaſure of the arch is to be 
underſtood when an Lis mentioned. See problems 10, 11, 12. 


5. You muſt meaſure all Ls or project from the ſame ſcale of chords 
you took the radius 609 from. Hence it appears that the ſides of an . 
have no relation or connection with the quantity of that C; for lt the 
ſides of an L be ever ſo long or ſhort the meaſure of the £ is {ll the 
ſame invariable quantity. 


8. A plane L is made by the meeting of two right lines called its 
ſides, and if its meaſure be 900 it is called a right L, if leſs than 90 it 
is called an acute L, if more than 900 it is called an obtuſe L; but the 
two laſt are generally called obtuſe Ls, 


9. A plane A is made by the interſection of three right lines called 
its ſides, and if any two of theſe ſides make an £ of 900 it is called a 
right angled A, and theſe two ſides are together called legs, the longer 
of which is commonly called the baſe, and the other the Lor cathetus, 
and the longeſt fide which is always oppoſite to the right L is called the 
hypothenuſe. : 


10. If each L ofa A be leſs than o it is an acute angled A, but if 
one L be more than 900 it is an obtuſe angled Q. 


11, If the 3 fides of a A be = the A is equilateral, if two ſides are 
equal it is called ĩſoſcelar, but if all the ſides are unequal it is a ſca- 
lene A. | 


12. Since, by theorem 4,the ſum of the 3 Ls of every plane & is 1800, 
it follows, that if any two of theſe Ls be given the third Lis found by 
ſubtracting the ſum of thoſe ti · it are given from 1800; and in a right 
angled A, becauſe the right L is 909, if one of the acute Ls be given, 
the other is found by ſubtracting the given one from 900. 


13. Complement is what an arch or L wants of 900, and ſuplement, 
is what an arch or L wants of 180%. 


14. In right angled plane As, are 7 caſes, and in oblique angled oneg 
5, all ſolved arithmetically by theſe 4 axioms. | 
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Ax1om I. 
In all right angled plane As, as the greater leg: the leſſer leg 
' 22 radius ; the tangent of the leſs acute L, or as the leſſer leg: the 


greater: ; radius: tangent of the greater L, (ſee theorem 47) this is 
when the legs are given to find an L, or a leg and an L to find the 


other leg. 


AX IOM II. 


In all plane As, as any ſide: the fine of its oppoſite L: : any other 
ſide ;; the fine of its oppoſite I. And the contrary. See theorem 48. 

This is when oppoſite ſides and Ls are given and required. And hence 
we learn, that the greateſt fide ſubtends or oppoſite to the greateſt , 
the leaſt fide to the leaſt L, = ſides to = Ls, and the contrary. Theſe 
two axioms will ſolve all the 7 caſes of right angled plane As, and by 
them alſo may all the 5 caſes in oblique angled As be ſolved, by divi- 
ding the oblique angled A into two right ones with a +. 


Ax1o mm III. 


As the ſum of any two ſides : their difference : : the co-tangent of 
their included L, viz. 5 the contained Lor 2 the L made by theſe two 


ſides, or : : the tangent of ; the ſum of * other two Ls : : tangent of 
2 their difference; then 4 he ſum of the unknown Ls + £4 their Uiffer- 
ence is the dender L, and the ſaid ſum — * the ſaid difference is the f 
leſs L. See theorem 50. This is when two ſides and the V made by 


; 

them are given to find the other two Ls. f 

C 

AXIOM IV. 4 

When the three are given, as the longeſt ſide : the ſum of the fc 

other two : : the difference of theſe two ſides : the difference of the h; 

ſegments of the baſe or a fourth number, which taken from the great- W 
eſt ſide or baſe, the . falls on the middle of the remainder, (ſee the- 

orem 49) + of which is the leſs ſegment of the baſe, and this j added 1 


to the 4th number gives the greater ſegment of the baſe, and then he 
Ls are found by axiom 2. 
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Or an L may be found in this caſe without letting fall a 1, thus, 
take each ſide ſeparately from the 3 ſum of all the ſides, but firſt that 
ſide oppolite to the L you want to find, noting their remainder ; then, 
as the product of half the ſum of the ſides and firſt remainder : the pro- 
duct of the other two remainders : : of radius: the of the tan- 
gent of the L required. Thus when any three parts of a A are gi- 
ven, to find a fourth part conſider to which axiom it belongs, by which 
you'll be able to form the proportion; where obſerve, that if fines or 
tangents be mentioned in the proportion, you mult uſe the numbers be- 
longing to ſuch fines or tangents, but thats terms which mention nei- 
ther are natural numbers, 


15. On the ſcale for this purpoſe are three lines the length of the 
ſcale, the firſt marked at the end Num. is a line of numbers, and is the 
ſame with that on the ſlider in the common ſliding rule, the next marked 
Sin, is a line of fines marked 10, 20, 30, &c. to gc at the end; then 
the line of tangents ending at 45 marked Tan, this line is alſo numbered 
back again to 800 or 890. The ſame lines are ſet on ſliding ſcales which 
are made to work with a ſlider inſtead of compaſſes. This line of tan- 
geats both increaſes and decreaſes from 45 the end towards the left 
hand, fo as any number of degrees increaſing is their compliment to 


90 decreaſing, 


Note. In all ſcales you muſt reckon the diviſions the ſame way that 
the numbers or figures are reckoned. In extending on this line between 
any two tangents both greater or leſs than 45, the compaſſes cannot 
fall off the ſcale, but if one is greater and the other leſs than 45, the 
compaſſes will go beyond the line; in ſuch caſes let the foot beyond 
45 reſt, and bring up the other to 45, there reſt it, and turn the other 
foot upon the line within 45, and it points the anſwer, This can only 
happen in the uſe of axiom the third, for in axiom firſt one turn is al- 
ways radius 45. 

16. The radius of the line of ſines is 90, radius of tangents 45, each 
at the lines end. 


17. On this ſide of the ſcale are other lines, as T R being the tan- 
gent line divided into g points, with halves and quarters of the ſeaman's 
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compaſs, to be uſed by axiom 1; when the Ls are required or given in 
points of the compals, called rhum bs. SR a line of {ines divided into 


rhumbs, to be uſed by axiom ſecond, when the Ls are in rhumbs, 

Vs verſed fines, of uſe in ſpherical trigonometry. Mer, meridional 
parts, which with E P joining it, a line of = parts, is uſedin Mercator's 
failing. Theſe lines are all conſtructed by the rules given in part third, 
for the ſliding gunter, &c. viz. only laying down the logarithms of 
natural fines, tangents, &c. from the ſame ſcale the line of * 


from. 


18. On the other ſide of this ſcale are the ſcales for projection; and 
is a ſcale of 24 inches or two fee t, two diagonal ſcales, one double the 
other; Rum. a ſcale of rhumbs; Cho. a ſcale of chords made by prob- 
lem 9; Sin. a ſcale of fines, with Sec. a ſcale of ſecants following, both 
beginning at one point Sin. Tan. and S T a ſcale of tangents and ſemi 
or half tangents, theſe may be made by problem 54 ; for if G C bean 
arch of 350, then G Bis fine of 3 50, AD the ſecant, CD the tangent 
of 359, or ſemi- tangent of 700. Fig. 44. 


19. Rules of proportion on Gunter's ſcale, extend from the firſt term 
to the ſecond or third of the ſame denomination, and that extent will 
reach from the third or ſecond term of another kind to the anſwer or 
fourth term of the ſame kind, viz. extend from L to L whether fine or 
tangent, or from ſide to ſide, ſo will your extent th us taken reach in the 
firſt caſe from ſide to ſide, and in the latter from L to L. 


20. Rules of proportion on the ſliding ſcale called ſliding Gunter. 
Set the ſirſt on the fide either of the two means on the rule, then a- 
gainſt the other mean on the rule ſtands the fourth term on the rule. 
Or, ſet the firſt term on the rule to either of the means on the ſlider, 
then againſt the other mean on the rule ſtands the fourth term or an- 


{wer on the ſlider. 


21. Rules of proportion by the logarithms, add the logarithms of the 
two means, viz. of the ſecond and third terms together, from that ſun 


take the logarithm of the ſirſt term, and the remainder is the logarithm 


9 
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the fourth term. Or as you write the logarithm of the firſt term out of the 
table of logarithms, begin at the left hand fide, and take the reſidue of 
each figure to 9, and the laſt to 10, this is called the complement arith- 
metical marked C. Ar. which with the logarithms of the two means be- 
ing added into one ſum, rejecting 10 in the index, (or number pricked 
off to the left hand fide) gives the logarithm of the fourth term wich- 
out ſubtraction. | 


22. In the following problems you have the proportions all ſetdown: 
which you may work as you pleaſe, by ſcale and compaſſes, flidings.. . 
ſcale, or by logarithms ; which laſt is moſt exact, becauſe the logarith+» 
metical tables give the anſwer to moſt places of figures. 


- 


- 


PROBLEM .CXXL 

Caſes firſt and ſecond. In à rightangled plane A A BC, there is 
given the two acute Ls B 339.45 and C 569.15, with the 
tg AB 121.394, to find the bypothenuſe B C, and the other 
leg AC. Fig. 98. | | 
I. Make the line A B = 121.394 from » diagonal ſale 2. Upon 


A, by problem 11, make the right Ln A m. 3. Upon B, by problem 
10, the £ d Ba = 232 45/, theſe laſt two lines meeting in C, form the 


A required. Then the leg A C laid on the ſame diagonal ſcale is found 


281,1, and B C = 146. 
Arithmetically, by Axiom 1. 


As tang. LC 569.1 5 10.175 1074 9.824892 6 
1 ö or by taking 2.847693 
A C81,113 | 1,9090618 1900618 
Becauſe the log. index is 10, you mult take it from 19, and reje& 20 
in the ſum. 


In finding the logarithmetical fines and tangents, if the degrees be 
under 45, find it at the top of the table, and the minutes in the lytle: 
G 


FY * 
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column on the left hand ſide; but if che degrees be above 45, ſind them 
at the bottom of the table and the minutes in the little column on the 
right hand ſide: ſo above 560 and againſt 15“ in the tangent column 
ſtands 10. 175 1074 the logarithmetical tangent of 560 15“ and in the 
fide column ſtands. 9. 9198464, the logarithmetical fine of 56.15. If 
you have the log. ſine given to find the degrees and minutes, it is the 
reverſe of the former, for with the given log you emer its column whe- 
ther ſine or tangent, and having found the degrees, you take the minutes 
which come neareſt. The log, of a number is had by finding your num- 
ber under minutes in the table, and againſt it ſtands the logarithm re- 
quired ; always obſerving that the index mult be 1 leſs than the number 
of places of whoje numbers in the giyen number, 


H the logarithm of a number be given to find the number, it is juſt the 
converſe work; fo 1.90geg18 being given I look tor it amongſt the 
logarithms, and finds .9990744 to be the neareſt, and again!t it under 
numbers ſtands 8111, fo the anſwer will be8x.11, becauſe the given 
index is 1, &c, for others. | 


By ſcale and compaſſes. The extent from 560. 15“ to 450 in the 
tangents reaches in the numbers {rom 121.394 to a little above 81. 


By the ſliding ſcale. det tangent 5 60. 15 to tangent 450, then a- 
gainſt number 121.394 ſtands better taan number 81, for the aniwer, 


Note. Log. radius is always 10.000'&c. Laſtly, B C is had by ax» 
tom 2d, and ſo may AC too; thus, as ne L C 560, 15“: radius fine 
900 LA::AB 121.294 to B C 246; and as fine (C 560, 15“: fine 
CB 339, 4 :: BA 122.394: AC81,11, 


PROBLEM CXXI. 


Caſe 3, Given the wy arte Ls B 33, 45 and C 560,15, 
with the hypothenuſe BC 1 36, to find the logs A B and A C. 
Fig. 98. A 
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t. Draw the line B a, and on B, by problem 10, make the Ld Ba 
= 332,4;'. 2. From a diagonal ſcale take 146 and lay from B to G, 
then at C make the L BC A = 560,15“; or, from C upon Ba let fal 
the L CA, and the figure is made; then A Band A C laid on the ſame 
diagonal ſcale are found 121 and 8 t. Arit hmetically, by axiom 2d, 
4s ſine L A 900: fine LB 339,45” : : BC 146: A C 81, 1, aud fo 
is ſine L C 560, 15 t AB 121,39. 


PROBLEM cxxm. 


Caſes 4th and 6th, Given the legs A B 121, 4 and A C 80, to . 
findthe oblique Ls Band C, andthe hypothenuſe BC. Fig. 96. 


I. Bya diagonal ſcale make B A = 121,4, 2. Upon A, by problem 
11, make the L B A C = 900, and from the ſame dis gonal ſcale take 
80, and lay from A to C, join B; C and the figure is protracted. The 
B C laid on the diagonal ſcale is found = 145. For the Ls, with the 
chord of 609 and one foot in either B; or C ſuppoſe C, deſcribe an arch 
dm, which laid on the fame chords gives 500, 30“ forthe LC, whoſe 
complementis 330, 30“ for the LB. Arithmetically, by axiom 1, as B A 
121, 4: A C80 :: tangent 35: tangent LB 330, 30%. And by axi- 
om 2, as line LB 330, 30“ : fine L A 90: : AC 80: BG 145 
nearly. 


PROBLEM CXXIV. 


Caſes 5th and 7th. Given the kypathenuſe B C 146, and @ leg 
B A 121,39, to find the ather leg A C and Ls Band C. 
Fig. 99. | 
t. Draw the line B A, on which from A to B by a diagonal ſcale lay 

121,39. 2. Upon A, by problem 11, make a right LB AD. g. From 

the ſame diagonal ſcale take 146, and with one foot inB deſcnbeanarch 

ea croſſing A Din C, join B Cand the figure is made. Then with the 
chord of 600 and one foot in either B or C, ſuppoſe g;, deſcribe anarch 

d n, which laid on the ſame chords gives 339,45” for the LB, the 


complement to which is 56215" the L. C, and the leg A C laid on the © 


2 
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diagonal ſcale is found —B1,1. Arithmetically, by axiom 2, 28 B C 
146 : AB-121,39 : : radius (fine L A 900) « ſine LC 560, 15“, and as 
radius : ſme LB 330, 45 :: B * 146: A C 81,11. 


PROBLEM CXX V. 

Cafe 1/7. Of oblique angled plain As given two Ls A 629, 30 and 
B 372,39', and, by definition gth, the third L C is alſo known 
to be = $69, with a fide A C 350, to find either of the other, 
| ſuppoſe BC. Fig. 100. 


1. By a diagonal ſcale make A C= 350. 2. Upon A, by problem 10, 
make an LB A Cg 809, and the two lines A E and C B meeting in 
B form the A required. Then B C and A B laid on the ſame diagonal 
ſcale are found 5 10 and 566. Arithmetically, by axiom 2, as fine 


* LB : ſine LA 62%, 30“: : AC 350: BC 50 9,976; ä 


37, 300: ſine L C 800: : AC 350: A B 566, 2. 
PROBLEM CX XVI. 


Gives the two ſides B C 509,976, and A C 350, with the LB 
3570, 30“ oppoſite to one of them A C, tofind one of the other Ls 


AorC. Fig 100, 
1. By the diagonal ſcale make B C 509,976. 2. Upon B 3 


lem 10, make the LE B C = 370, 30“. 3. With 350 from the diago- 


nal ſcale and one foot in C deſcribe an arch to cut E B in the points A 
and F, which ſhews that this caſe is doubtful, whether both the un- 


known Ls be acute as A and C, or the one F C B acute and the other 


CF Bobtuſe; for from the things given either B C For B CA may 
be the A required, by joining C A and CF, ſo let ABC be the A re- 
quired, then with the chord of 60 and one foot on C deſcribe the arch 
m n, which laid on the ſame chords gives 800 for the L AGB; then, 
by definition 9, . C 809 + LB 379,30' gives 117%, 30“, whiths en 
from 180 leaves LA 62, 30 = the arch a e being ſtruck upon AMith 
the chord of 60. Arithmetically, by axiom 2, as A CCF 350: 
CB 509,976 : : fine L B 37, zo“: ſme L A 62, 30, if both the Ls be 
acute; but if C FB be the L required, then this 629, 30' taken from 
1809 leaves 1179,30' for the LC F B. 
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Note. When you are to take the fine or tangent of any Labore go, 
you mult firſt take ſuch an L from 1804 and take the fine or tangent of 
the remainder. For it is plain by figure 44, that B G is the line of the 
arch HE G as well as of the arch C G, and that theſe two arches to- 
gether make a ſemicircle, Sve it otherwiſe proved in theorem 48. 


PROBLEM CXXVIL 


Cafes 3d and 4th. Given the two ſides A C 350, and C B 510, 
with the LC 809 comprehended between them, logind the ether 
two Ls A and B, and the third ſide AB. Fig. 100. 


1. By problem 10, make an Ln Cm = 809, extending the ſides 
Cn and Cm, till by the diagonal ſcale CA = 340 andC B = 510, 
join AB and the A is made. 2. With the chord of 60 and obe foot in 
either A or B, ſuppoſe in A, deſcribe the arch e a, which laid on the 
ſame chords gives 600, 30 for the L A, and by definition 9, you'll ind 
it = 566. Arithmetically, by axiom 3. firſt 350added to and taken 
from 510 gives 860 and 260 for the ſum and difference of the two ſides, 
and 80 taken from 180 (definition 9) leaves 100 half of which is 500, 
the half contained Ls complement or half ſum of the oppoſite bs A and 
B; Then, as 860: 260: : tang. 50: eng; 12. zo! half the difference 

of ths ſaid Ls, fo 502 ＋ 12,30' = 62, zo the greater L. and 50 — 
12,300 = 3), 30“ the leſſer L; laſtly, as ſine 52,30: ſine 80: ; CB 
$10: A B 566,3. By axiom 2. 


PROBLEM CXXVIII. 


| Caſe 5. Groen the three ſides AB 213, 5, A C 10755, and BC 
250, 2, to find the Ls. Fig. 101. 


1, To lay down this figure is already taught in problem 14, and to 
meaſure the Ls you mult have recourſe to the foregoing problems or the 
general rule laid down in definition 6 and problem 120 ; therefore to 
do it arithmetically by axiom 4, firſt the baſe is B C = 250, 2, then 
213,5 +107,5 = 32t the ſum, and 213,5 — 10), 5 = 106 che differ- 
ence of the other two ſides; then as 250, : 321 : : 106 #136 near- 
ly, the fourth number which is = BF, now B C 250,2 —BF 362 


* 
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F C 114, half of which is 57 CG F G, and FG 57 +FB 136= 
B G 193; then in either of the right angled As A G or A C G chere 
is given the hypothenuſe A B or A C, and a leg B G or C G, ſo by 
axiom 2, as. A B 213.5 : B G 193 :: radius: ſme LG A B 64, 45. 
tlie complement to which is 25. 15 , A 3G. Again, as AC 107,5 
: fine L B 25,15“: : AB 213,5: ſine LC 57,55, and: : B C 250, 2 
: fine L A 96,50', or having any two of theſe three Ls the third is 


found by deſinition 12. 8 


N AN * F ls ll ole n nr 
ee 


The Application of 


en rn 


To the meaſuring Heights and Diſtances ; 
with the Deſcription and Uſe of the common 


Inſtruments for that purpole. 


PROBLEM CXXIX. 
DzFINITIONS continued from Problem 120. 


23. Of the Chain, Mr. Guater's chain of 100 = links each 7,92 
inches is now the only chain in uſe among ſurveyors, whole length is 
22 yards or 66 feet or 4 poles, perches, rods, &c. and this diviſion of 
the chain into parts, makes links the decimal parts of a chain, con- 
ſequently chains and links work together in all reſpects as decimal frac- 
tons, 

224. At firſt ſetting forward to meaſure, to prevent miſtakes and for the 
ſake of expedition, let the perſon going before with the end of the chain, 
have ten ſmall ſticks, each about two feet long cut to a point at one end 


r a a aw 8 amcs 


AND MECHANIC, 55 


to ſtick down inte the ground with more eaſe at the end of every chain, 
which mult be carefully taken up by the perſon following with the other 
end of the chain, and thus proceed till all the ſticks are taken up by 
the perſon following the chain, if the line be ſo long, being always 
careful to move in a ſtreight line from mark to mark. If the diſtance be 
not ſurveyed when all the ſticks are out, let them be returned to the 


leading aſſiſtant, and ſo proceed till the whole diſtance is meaſured, 


obſerving to ſet down how often the {ticks have been changed, that no 


error be made in that caſe, 


24. At the end of every 10 links there is commonly a piece of braſs . 


a ring or ſome other mark for the more ready reckoning the Jinks. 


26. Chains and links may be ſet down thus, ch. 40l. or 7,40 ch. 
or 7,4 ch, or 740 links, which laſt is belt ſignifying 7 chains aud 40 links 
or 740 links. 


27. If the chain be too long for uſe in meaſuring ſmall parcels, you 
way take dimenſions with the half chain, and ſer down half tlie number, 
as for example, ſuppoſe you have 11 ſticks and 25 odd links, it muſt 
be ſet down 5 chains 75 links or 575 links, and then in plotting or 


finding the area it will be the fame as if you had meaſured with the 
whole chain, 


28. For taking angles in the ſield are various inſtruments contrived, 
but all that can be propoſed from them is to meaſure an L included 
between two lines or hedges that may be tak en as Rreight lines, the 
chief of which are, the plain table for {mall indoſures, the theodolite, 
circumſerentor, and ſemicircle for champaign grounds, the three laſt are 
nearly of one form, being only a circle or ſemicircle divided into de- 


grees and minutes, if the inſtrument be large encugh to adaut of ſuch 
ſubdiviſions, 


29. The plain table is a board or rather three pieces put together, 
orming a parallelogram fit to hold a ſheet of paper, with a frame round 
it to keep the table together and to hold the paper falt, with a louſe 


index with fights to lie upon the table &c. its ule is chiefly to take the 
plot of a field. See ſurveying, 


. — — 2 — „% — a— — 
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30. The ſcmicircle or the odolite is half a circle or two quadrants 
whoſe limb is divided into degrees, &c. as by problem 9, beginning on 
the limb at one end of the di ameter and ending in 180 at the other, and 
beginning again at 181 and ending at 360, ſo that as the index goes off 
at one end at 180, it comes on the other at 181, conſequently it an- 
ſwers all the purpoſes of a whole circle divided into 3600, in taking 
angles it muſt be placed flat with its face horizontal, on which the in- 


dex turns on the center, on the index are two upright pins or bights to 
ſpy the object thro' in the time of obſervation, 


31 There is a line and . put thro' the central hole when al. 
titudes are taken therewith, and the object is ſeen thro' two ſights 
fixed in the diameter, the limb hanging downwards, the line and plumet 
cuts the angle of the altitude; if you count the degrees from the mid- 
dle of the limb but the co-altitude, if the degrees are numbred frorq 
the corner next your eye, the ſame is true in a quadrant which is half 
a ſemicircle with a line and plumet ſuſpended at the center of the arch 
a (ia fig. 102) the ſights upon the edge as a B, being directed to the 
object C, the line hanging at liberty will be parallel to CD, if CD ia 
upright whence its plain (by fig. 102) that the LuaB=L B CD. 
and the arch e u=E A BC, as by halt definition. 


32. Circumferentor is a circle upon a card divided into degrees &c. 
and fixed on a board or in a box, a needle touched upon a loadſtong 
moving flat upon its center, this is uſed in ſurveying mines &c. 

34. Protractor a ſmall inſtrument in form of a half circle, for laying 
down Ls readier than a ſcale of chords, thus lay its diameter along 
the line on your paper with its center an the angular point, then a- 
gainſt the degrees of the Lon the protractors limb or arch make a mars 
on the paper, chru' which and the angular * draw a line and the 
L is made, 


33. Level, fill a cylinderic glaſs tube with water excepting a ſmall 
ſpace which cloſe at both ends, and when the tube is laid in a level 


- 
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horizontal ſituation the vacuity will ſhew its ſelf in the middle, but will 
vary there-from on the leaſt inclination. 


24. Some note down the dimenſions of a ſurvey into a field book di- 
vided into columns, but I would recommend the following, draw an 
eyedraught of the plot as near as you can, then when you have mea- 

any line, angle or offset, &c. write down its length or quantity, 
dodg the fide or in the angle correſponding in your eye draught ; ſo ſhall 
you have a rough plan to make a true one by, which is both eaſier and 
fafer to plan by than any table by what form or method ſoever it be 
contrived. | 


PROBLEM CXXX, 


To find the altitude C D of any object, as a tower, &c. by a uud. 
rant B e a, being an inacceſſible altitude. Fig. 102. | 


1. The method of obſerving by a quadrant is plain by the figure 
compared with definition 31; thus, at any convenient place B, view C 
the top of your object along the edge B a of the quadrant, and ſuppoſe 
the _ a u hanging at liberty to cut 52,5” from e, viz. arch e u 
= 52,5 which, by definition 31, is the meaſure of the LC B A. 2. 
Meaſure in a ſtreight line from your eye at B to the tower, which ſup- 
pole B A = 85 feet, and your obſervation is finiſhed. 


To lay this down. You have given the leg A B = 85, and the Ls 
B 52,30' and C its complement, fo the figure is laid down by problem 
121, and the required height is C A laid onthe diagonal ſcale is found 
=105,8, to which add A D ſuppoſe 5 feet the height of your eye a- 
bove the level of the bottom D F (as you mult always do in ſuch caſes) 
and it gives CD = 110, 8 feet. Arithmetically, by axiom 2, as line 


4 37,39' : line CB $2,30 : BA 85 CA 105,8 feet. 


PROBLEM CXXXI. 


To find A B the height of any object D H C, as a fleeple, & c. 
and come no nearer its bottom than 8, being an inacceſſible alti- 
tude, Fig. 10g. H 
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1. Upon 8 obſerve B the top of the objecd, along the edge of a quad- 
rant, or by a ſemicircle, the plumet u a hanging at liberty, as by the 
laſt problem, and ſuppoſe the LBS A to be found = 51,30/. 2. Move 
back any diſtance in a line with S A, ſuppoſe to F 75 yards, and upon 
F make obſervation to B as beſorę, ſuppoſing the ( BF A to be 26, 300. 

3. Now to lay this down. Make 8 FP 75 from a aal ſcale, and 
upon 8 and F, by problem 10, make the 4s BS A=51,30' and BF A 
= 26,30' and at B where theſe two lines meet let fall the B A cutting 
F 8 produced i in A, and by the diagonal ſcale you'll find the height 
BA = 62 yards the anſwer; alſo by the ſame ſcale you may find 
$ A &c. Arithmetically, In the oblique ABFS isgivens F= 7s, 
a BFS 26,30', and L BS F —=(complement L BSA 51,30/ to 180) 

30“, whence B FS 250 (definition 12) ſo, by axiom 2, as 

hel BPs 259 : ſine ( BFS26,30' : : FS75 yards: ſide FB 79, 18, 

then as fine LB A F 90: ſine LA B 26,30) 1 FB 79,18 : AB 


| $1,97 the beight required. 


Note. If from à paint F you pbſerre 4 point B, ij is plain that yoy 
ce it in a ſtreight line F B, in like manner a point Bis ſeen in a ſtreight 
line from a point 8, whence it is plain, that theſe two l ines muſt meet 
in the point B, ſo if you meaſure the diſtance 8 F 75 yards, feet, or 
chains, &c. and lay 75 from any ſmall = parts on paper from Sto P to 
| repreſent theſe 75 yards, &c, and draw the lines FB and 8 B to make 

the ſame £8 (F and S) as you took by obſervation, it is evident, theſe 
two lines P B and 8 B muſt meet in B, forming a true plan of your ob- 
ſervations, in which plan all the unknown lines, &c. will be juſt ſo ma- 
ny of the ſaid = parts as they would be yards, &c. in the thing itſelf. 
his holds true in all heights, diſtances, & e. whatever, which beivg 
. theſe things may be cafily done. 


PROBLEM CXXXII. 


Th And the heights C 2 and BA =e z of two inccccibls bisl 
Alauding upon one anther. Fig. 1 103. 


AND MECHANIC ' © F 


1. Upon any place where both points B and C maybe ſeen, as at F; © 
obſerre theſe two points with your inſtrument as before directed, and 
let the Ls C F A= 4%, and B F A= 26,30', 2. Move directly for- 
wards to the bottom of the object any diſtance, ſuppoſe from F to 8 7 
chains there obſerve B and C as before, and let the Cs CS A be 
67, 0 and BSA=51,30'. To lay down this, draw a line FS AA 
pleaſure, make FS = 75 from 2 diagonal ſcale or ſcale of = parts; - 
and upon F and 8, by problem 10, make the Ls as you found them by 
obſervation, and C and B the meeting of theſe two lines will be the tops 
of the objects, from which let fall the LF R A and Ce, then by the 
{ame ſcale of = parts you'll find AB 62 and C z 50 chains the 
heights required. Arithmetically, as by the laſf problem, you found 
B, ſo find Ce, and the difference is C2. 


PROBLEM cxxxIII. . 

7 find m F the perpettdicular height of a hill. Fig. 104; 

1. As in problem 131, chuſe any two convenient places on the ſams 
plane or level as n and s which let be 100 chains diſtance, and from 
each place s and n obſerve T the top of the mountain, and let che 4 
be s 300 and n 429, by which the figure may be laid down exactly as 
in problem 13 t, and by the diagonal ſcale you Il find m T = 160 chain 
the required height; the arithrietical ſolution is alſo the very ſame 
with that in.problem 131. 


PROBLEM CXXXIV. 


77 gi AB the height e 4 titer, &c. by making two ohher dalia 
ons on th fide of a hill ſome di diſtance from it. Fig. 105. 


1. On any part D of the hill's fide obſerve a point E, where you ins 
tend your ſecond {tation to be, and let the LBDE = 13® made be- 
tween looking at E and at B the bottom of the tower, andthe LAN E 
= 480, being the degrees cut between obſerving E and A the top of - 
the tower. 2. At D view ſome other mark beyond E, as Finthe ſams 
line D E, meaſure the diſtance D E which ſuppoſe 87 yards, then let 


— 
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the degrees cut between looking at F and B be 180, and between Fand 
A 689 when you ſtand at E. 3. To lay this down, draw the line 
DE F at pleaſure, make D E = 87, on D make the ls BDF = 139 
AD 489; alſo, upon E make the Ls BEF =189, AEF = 689, 
and at A and B where theſe lines meet will be the top and bottom of 
the tower, which diſtance A B is found = 155 yards by the diagonal 
ſcale. The arithmetical calculation may eaſily be deduced from what 


x done in problem 131. 


PROBLEM CXXXV. 


To find A B the height of any tree, tower, Ic. by a ſquare ab E, 
or two ſtreight flicks faſtened together at right Ls, Fig. 106. 

1. Let the ſticks be each of the ſame length, and faſtened ſo as to 
form a true ſquare, their length may be about four or five inches; 
this done, ſet an end E to your eye holding the fide E b level, move 
back or forward till over the top of the other ſtick you can juſt ſee the 
top A of your object, and at the ſame time obſerve ſome point B to- 
wards the foot of it along E b, then meaſure the diſtance E B and it will 
be S to A B. For the As E ba and E BA are ſimilar, and Eb is = 
ba, ſo E B will be = B A. 


PROBLEM CXXXVI. 


To find A B the height of any object by the ſhade of the, ſuns 
Fig. 106. 


1. Near the bottom of the object ſet up a ſtreight ſtick a b parallel to 
the ſaid object, thenit is plain, if B E be the length of the object's ſha- 
dow, that b E will be the length of the ſtick's ſhadow ; therefore, as 
Eb the ſtaffs ſhadow is to ba the ſtaſſs length, ſo is E B the length of 
the object's ſhadow to B A its height. For b a being parallel to B A, 


the As Ea b and E A B are ſimilar. 
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The 5 following problems belong to 
DPI S T A'N CB 38 


PROBLEM CXXXVII. 
To find the diſtance of any object C, from a place A. Fig: 107. 


t Having A for one tation, or place of obſervation, you mult make 
choice of another which let be B, and the diſtance A B = 145 feet, 
place your theodolite at A with its face parallel to the horizon and that 
end of the diameter where the degrees begin towards B, then along 
the ſaid diameter, or thro” the fights on it view B, ther e ſcrew the in- 
ſtrument faſt, and turn the index till through the fights thereon you 
ſee the object C, and ſuppoſe the index then cut 780, (viz.) ta move 
over the arch ae; 3. This done come to B, and obſerve your firlt ſta- 
tion A along the diameter, then turn the index to C, and as before 
let the (A B G be 440 and you have done your obſervation. To lay 
down which is the very ſame with problem 125, for ia the A A. 
BCis given the ſide AB 145 and the Ls C AB 789, and A BC 44 
which laid down (as by fig.) you'll find by the diagonal ſcale A C = 
120 the anſwer. Ar. as ſine L BCA $89; line LAB C449::A 
B 145: AC 120 feet. 


PROBLEM CXXXVII. 


To find the diſtances of ſeveral places ſuppoſe tibs C and D, from 
any propoſed ſtation A, by any inſtrument that can take an L. 
Fig. 197. | 
1. You may work this problem like the laſt only becauſe here are 

two objects, you muſt take two Ls at A which let be DAB = 529, 

and D A C= 269. 2, Meaſure from A to your ſecond ſtation B which 

ſuppoſe 145 yards, there take two Ls again (viz.) LAB C= 44? and 

LCBD= 38”, then to lay this down on paper, make A B = 145 
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from a diagonal ſcale, (by problem 10) upon B make the L A BO 
44 and CBD = 38?, alſo, upon A make the Ls DAB = 52 draw- 
ing & D till it cut B D in D, and L D A Cg 26“ continuing A C till 
it cut B Cin C, ſo is D and C the required object, and by the ſame 
diagonal ſcale will be found AC 120, and A D = 200 yards the diſ- 


- tance between A and tha two objects C and D; alſo, by the ſame ſcale 


you may find B C and B D their diſtances from B and C D their diſ- 
tance aſunder. The arithmetical calculation, is eaſy from the laſt 


problem. 
PROBLEM CXXXIX, 
To mtaſute any level field ab e d, which can be all ſeen from tis 
» different ſtations, and not come near it. Fig. 108: 


1. This is but to take two convenient ſtations F and 8, and on each 
of them make obſervations to every Lor corner in the field &c. (by 
laſt problem) thus placing your theodolite ar F, look for 8 and every 
corner, and let the degrees cut by the index between looking at 8 and 
d be 26, between d and c 34?, c and b 25* band a 16?. 2. Meaſure 
the diſtance FS which let be 120 chains, and phcing your inſtrument 
on 8 look for F and every corner of the field, and let the degrees cut 
by the index between Jookingat F and at a, b, c, d, be 40, 18, 24, 369. 
To plarr this, draw a line FS = 1 20, upon F make all the Ls as you 
took them at your firſt ſtation, and upon S as you took them at the ſe- 
cond, drawing Sa till it meet F a, 8 b till it meet F b, Sc till it meet 
F e, and 8 d till it meet F d. Join theſe points a, b, e, d, and you'll 
haye a true plan of the required field, which by the ſame ſcale you took 
8 F from, you may find the diſtance of every corner a, b, c, d, from 
each tation F and 8, as ilſo their diſtance from each other, and alſo 
meaſure a diagonal and two 5, and fo find its area. 


Note, In the ſame manner you may take the plan of a field at two 
ſtations within the field, and ſtill mind to take an L between each ſta- 


tion and the next corner when you are upon the other ſtation, for its 
plain the figure could not be lat down if you wanted the CF Sa and 
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d Fs; allo, let your ſtations be as far diſtant as you conveniently can, 
then the points a, b, c, &c. where the lines mect will not be fo acute, 
for in ſuch ſmall Ls it is not eaſy to ſee where th e lines interſeR one an- 
other, and conſequently the plan cannot be true. 


PROBLEM CXC. 


To find the diftance of ſome place as A by three ſticks. Fig, 36. 

1. Set up a ſtreight {tick any where as at C, from which move in a 
right line towards the object A any diſtance ſuppoſe to B 20p yards, 
there ſet up another ſtick, and move from B any diſtance in a right line 
acroſs E B as at E ioo yards, there {et up another {f.ck ; then come 
back to C and move in a line parallel to E B, till over the ſtick you 
can ſee the object A, and ſuppoſe C D the diſtance moved to be 300 
yards, then it will be as DF 20G the difference between CP and BE 
:EF=BC200;: CI zoo to CA 300, or;: ER 1096: B A io, 
the gbject's diſtance from C and B, for all the As are ſimilar. 


PROBLEM CXLL 


To take a diſtance A B as the breadth of a river &c. by a carpen- 
ters or maſon's ſquare E D F. Fig. 109. 

I. At A the rivers ſide ſtick down a ſtreight ſtaff .L to the horizon, 
upon jts top D hang a ſquare F D E, ſo that along the fide D. E you 
can jult ſee B the farther ſide of the river, and at the ſame time mind C, a 
point an the ground where D F the other ſide of the ſquare points, and 
let AC be two feet and A D 8 feet; then by problem 45, it will be as 
CA 2: AD 8: : AD8: AR 32 feet the anſwer. 


Note. If youſlit the head D of an upright ſtaff A D, and in that put 
a ſmall (tick DE, bending it up or down till along the fide D E you can 
juſt ſee B the farther ſide of the rivcr, then turn the ſtaff D A about and 
obſerve where D E points on the land, which point meaſure from A, and 
Jou IU have the diſtance required. 
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| The two fullowing Broblems inchide 


The Art of LEVELLING. 
PROBLEM CXLII. 


To find the level bertueen two places, ſuppoſe A and 1. Fig. 110, 


1. For this purpoſe you may make an inſtrument by faſtening a ſquare 
n c a upon the head of a ſtreight ſtaff A B, and at the LB faſten a thread 
and plumet c a e; now it is evident, when this ſtaff A B is upright, 
the thread c e will (hanging at liberty) juſt touch the fide ca of the 
ſquare. 2. Having thus placed the ſtaff at A in a I poſition, obſerve 
C along the fide Bn of the ſquare, or, which is better, thro' two ſights 
placed thereon ; then meaſure the diſtance B C 10,6 feet for the level 
between A and C, alſo meaſure the height AB 5,5 feet for the height 
of C above the level of A. 3. Fix your inſtrument at C and do exactly 
as you did at A, and you'll ſee the point E, and thus do till you come 
to ſee I, the top of the hill, and let the dimenſions be as here ſet down, 


The ſeveral 4 CD = 2 The ſeveral | DE = 10,8 
heights are | FE, F 2,6 levels are FG = 5 
i GH=231,7} 1 iHI= 2 

The ſum is IK = 11,8 and AK = 28,4 


Hence it appears, that if you dig a pit at I 11,8 feet deep, there will 
be level for the water, and that level will be 28,4 feet long. But that 
water in ſuch cafes may have a little current there is an allowance made 
of 4 cr tive inches for every mile or 1760 yards; i. e. if a level be 1560 
yards long, one end of that level muſt be 4 or 5 inches lower than the 
other, that the water may run off; and ſo in proportion for any other 
lepgti.. 


PROBLEM CXLIII. 


It is required, to know whether water can be carried from I to A 
(by the level, mentioned in definition 33.) Fig. 110. 


1. Take two ſtreight poles, of any proper length each divided into 
inches and decimal parts of an inch. 2, Set one of theſe poles upright 


- 
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at A, and the other any where elſe conveniently, as at E. 3. Fix your 
inſtrument at ſuch a point C as you may therefrom ſee both theſe poles 
then look thro? the fights on the level for the pole ſet up at A, cauſing 
ſome aſſiſtant to move a piece of white paper up or down the ſaid pole 
L A, that you may juſt ſee the upper edge of it which in this figures 
at B, ſee what inches the ſaid edge cuts, which ſuppoſe 90 inches from 
A to B; obſerve the ſame method in looking for a paper ſo moved upon 
the ſtaff at E, and you'll ſee the point E, ſo is A B the height, and EB 
the level of the point E. Then remove the ſtaff at A to another point g 
as H, letting the ſtaff ſtand at E, and on ſome point between E and H 
doas before, and thus going on you may ſoon level any ſuch place, a9 
is plain by the ſigure. | 


This is the apparent level and will do in ſhort diſtances without cor- 
rection, but if the diſtance be long there muſt be made an allowance, 
on account of the earth's ſpherical figure. . Thus, let A be the center 
of the earth (fig. 44) A Fand A G two half diameters, E d a tangent 
to the ſurface atE, now if the level be placed at E it will give the ap- 
parent level E d, between the places E and G, whereas the true level 
is the arch EG, fo that the apparent level exceeds the true one, E 
G by the line Gd, for which reaſon this line G d muſt be found and 
taken from the apparent ley el to get the true level between the places 
E and G; thus, (by theorem) 2 A G4+Gd xd G=ſ(JEd, or, be- 
cauſe A G is great in reſpect to G d, at any diſtance under 30000 yards, 


we may ſafely take 2 A GxdG= . E d, and then G d — 

2 AG 
= ©,222 parts of a yard, when Ed is taken = 1960 yards or one 
mile, (the radius A G of the earth being about 6966412 yards) now, 
o, a222 X 36 = 8 inches nearly. Hence the difference between the true 
and apparent level is 8 inches per mile, and ſo in proportion for * 
other diſtances. 


Note. By this method you may eaſily calculate a table of correQiong? 
for diſtances. 
| h 
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2 7 yu m. 897. Pip. 111. 
I. oder the top of the pit lay a piece of wood, From the middle of 
Which ter down u lite and plumet tb the bottom, by this you'll know 
dow w place your infttuttient fo 2s fs cemer may be in the ſame L. line 
- both at top and bottom, un this inſerument fee definition 32) the de- 
greez begin at north and are numbered eaſtward to 900, Tourh 1800, 
welt 2700, ard north 3800, where they again begin; wherever you 
ſack this iuſtrument for vbfergarion de careful to place it horizontally 
a board, NE. ſo that it be Yerfebtly level, and let the forth end of 
e teecle point north where the degrees begin; having thus placed i it 
| at the bottom of the pit, hold the end of a ſmall line over its center, 

and let an affiſtany with the other end as far as he can goin a direct 
hne, obſerve Wat degrees are cut by this line, ſuppole 200 or 200 
weſtward of ſouth, meaſure the line which ſuppoſe 7 fathoms, ſet theſe 


gown, and remove your inſtrument to where your aſſiſtant ood, and 
there work as before ; and thus g on as far as 15 , and let 


che dimenſions be as follow; 


* "UB 7 9200 20* weſtward of ſouth, 
Piltances D degrees cut 4180+ or, duc ſouth, 


C1133 335 25? welt. of north. 


This Gone it is cbm to plate the inſtrument with its center onthe 
fop of the aforeſaid I. line, and ſo by the degrees meaſure out thę de- 
grees exaclly as they were taken at the bottom, and inſtead of meaſur- 
Ing theſe diltanees in fathoms, 8c. they have ſmall pieces of wood 
numbered 1, 2, 3, 44 Kc. pat into the twine af the line at the 
Fas of the 1ſt, 2d, 3d, and 4th, &c. diſtances, which marks fhew how 
r you are to go aboye ground in every turn; but this method may 
times create great if not impracticable labour, in going thro woods, 
water, &c. to prevent which it will be beſt to lay down a figure care: 
tully from the dimenſions taken, and ſolaꝝ off the thing ut once, thus 
draw a line N. S. which make at large, N repreſenting .north and 8 
Wach, on N make the NAS 202, and from a diagonal ſcale lay 


7:09 NA, from N te &, chen che 4 end pern llal 20 N S, drew n 3, fa 
another north and ſouth line, 33d lay 5 from A to B (becauſe the ſg 
cond diſtance was ſouth) on B make f & A B CS, laying 1, 
from B 00 C, jain C N, which is found bythe fame diagonal Lede f 
fathomns, alſo the C dran the north and South line d $ parallel to n84, 
and meaſure the L£ NC d, which is found about 569 fromthe not, 
eaſtward; therefore, if from the top of the pit you meaſure out 8 fathoms 
over 2369 or ſouth 569 weſtuard. it will point out the place at top 
where you meaſured to below. 


The 7 following problems will exerciſe the ſkit of the young ſtu⸗ 


dent in 
o E OO ME r A . 


PROBLEM cv. 


Three Hips A, B, and C, ſail from one port P; A ſaitsdue ſalih 
24 miles, B ſouth weſterly and C ſouth eaſterly, each a diſtanct 
unknown, but B's is greater, B and C are 78 miles afunder 
and the ſum of their tourſes is g8*, the three ſhips are all in ibu 
feme eaft and whft line, Quere, the curſes ani diſtances falld, 
of B and C. Fig. 112. 

1. Draw E W for the eaſt and weſt- ling making it = 78 miles: 
2. Make the Ls C WE and C E W each = 89, ant with che radius 
CE —=C W upon C defcribe the circle. 3. Parallel to L W ang at 
24 diſtant from it draw Q p, cutting the cirele in P and Q either of 
which may be the port according as B's or C's diſtance is greater, i 
PE and PM, draw P A & co W, ſo dot P \V repreſent B's diſt- 
ance {ailed, the £ A N W ber cone, P I C's diſtange ſailed, che & 
A P E her courſe, P A = 24, As diſtance failed ; then by the Jamy 
= Parts that E W and & N were gaken from, you'l Gad P I ax Gyrf 


s THE UNIVERSAL MEASURER 


miles, P E = 27,2, and by the chords, L WP Ais found = 69,45", 


and LEP A 28, 15“ as required. If the L WP Eg 989, then (by 


theorem 6) the arch W D E muſt be = twice 98 1960. Then the 
arch WP E mult be = (360 — 1960) 1649, and becauſe C W = 
CE, the C WEL WE C, each = 829=L WCE 1649 taken 
from 180 and divided equally, | 


PROBLEM CxLVI. 


AM [hip at S obſerves three ports A, B, and C, whoſe diffances are 
. Fnown tobe AB=99, AC=71, B C =86, and the angles 
of obſervatim are ASB = 1270, AS C= 1280, % the L 
BS C muft be = 1059, (for they all muſt be = 3600) how far 
#5 ſhe diſtant from each port. Fig. 114. | 
1. With the three given diſtances 71, 86, and 9gmake a A ABC, 
now becauſe L ASB = 1 270 is oppoſite to A B, therefore, as in the 
laſt problem, make LEAB =LEB A each = 37, and upon E 
where the ſides meet with the radius E A E B deſcribe the arch 
AS, alſo LB S C being = 1659 you muſt make LDCB=LDBC 
each = 152, (fee the laſt problem) and upon D with the radius D C or 
D B deſcribe the arch DS B, croſſing the laſt arch in S the place of 
the ſhip, whoſe diſtance from the three ports (by the diagonal ſcale) 
is found SA= 40,5, SB = 67, andS C = 42+ 


PROBLEM CXLIVI. 


A Pip at 8 obſerves three ports A, B, C, whoſe diſtances ar 
known to be A B 80, AC=72, and BC = 120, the an- 
gles under which ſhe obſerves theſe ports are C SA = 259, 
BSA = 190, /o CS Bmuſt be 44%. Quere, her diſtance 
rem each port. Fig. 113. 


I. With the three ſides make the A A B C. 2. Upon B make the 
LDBC= 259, and upon C make the LB CD= 140 drawing CD 
and B D till they meet in P. 3. About the AB D C deſcribe a circle, 
ky a ruler to D and A, and draw the line A Ds cutting the circle in 
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$ the place of the ſhip, join 8 Band SC, which by the diagonal ſale 
are found SA = 164, SB= 9s, andSC = 158, che diſtances ſought, 
if the port A was fartheſt from the ſhip, but if it was heareſt, then the 
diſtances are Pa =96, PB= 167, and P C = 149. For, by theorem 
7, the Ls DS B and D C F ſtanding both on the ſame chord &c. are 
and for the ſame reaſon LCSD = £ CBD, the ſame holds when a 
is one of the 3 ports. Theſe 3 laſt problems ſhew how a figure may 
be conſtrued, when an angular point or points is required to be found, 
&c. The 3 following ones are on the ſame ſubjcct. 


PROBLEM CXLVIII. 


Ina plane AA B C (Fig. 115.) is given the baſe A C, with its 
oppoſite L A B C, and lengthof a line B D drawn ſtim the faid 
L to biſect the ſaid fide A C, to conſtruc the A. 


1. On the given ſide A C (by problem 61 defcribe the ſegment 
AB C of a circle ſo as to contain an £ A BC =the given one. 2. With 
the line B D in your compaſſes, and one foot in D the middle of A C, 
{weep an arch to croſs the ſegment in B. 3. Join B A and B C, ſo is 
AB C the A required. If the line B D were to biſect the given L 
ABC inſtead of the baſe A C, then in practice, you may make the J 
AB CS the given one, which biſect with B D, making it the given 
length, then prick A C on the edge of the ruler, which apply to the 
point D, ſo as theſe two pricks may fall on the lines B A and BC, and 
its evident the A will be formed. 


PROBLEM CXLIX. 


Ina & is given an L, the ratio of the containing ſides, and the ru- 
tio of the ſegments of the baſe, to male the A. Fig. 116. 
1. Draw a line P C at pleaſure, in which take it as A E: E B:: 
greater fide : leſſer fide, and as A F: F B:: the greater ſegment of 
the baſe: the lefſer ſegment. 2. Upon A B (by problem 61) make a 
ſegment of a circle to contain an LA R H given one P QT. 3. Make 
it as EC: EA:: EB: E A- EB, and wich the radius E C ſweepan 
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arch E QR, cutting the laſt arch in R. join R Band B A, ſu is ARE 
the A required, for (by theorem 20) as AR: BR::AE:BE, if 
the T were F Q given inſtead of the IL, then upon E raiſe the, EA 
and thro Q parallel to R A and R B draw Q and QT, fo will F 
QT be the required A. For by reaſon of theſe parallel lines it will 
be every way ſimilar tothe A A RB, | 


PROBLEM CL. 
Given the 3 Ls 259, 5615, and 780 45' with the 3 ſides in ont 
fum = 100, to find the fades ſeverally. Fig. 117. 

1. From a ſcale of equal parts make K P = 100 the given ſam, 
2. Make the Ls P K pg 45 ndpPK=569 15. 3. Biſect theſe 
two Ls and at D where the biſecting lines meet, draw D B and D C 
parallel to K p and pP, ſo is B CD the required. And by the ſame 
ſcale of equal parts, you'll find D B = 33,01, D C = 28,06, and BC 
= 38,93. Arith. you may ſuppoſe any one of the fides = what num- 
ber you pleaſe, and thenby it and the Ls (by axiom 2.) find the other 
two fides, and it will be (by ſimilar As): ſum of the 3 ſides thus had 
: any one of them: : 100 the given ſum : the true ſide, and fo may you 
find them all three. 


Demonſtration. The LDBC=pKPandL PEDO=LKDB 
=4+C pK P, whence, DB KB; in like manner it may be proved, 
that DC=P C, therefore DG DBT B C=100z KP. Q. E. D. 


PROBLEM CLI: 


Let AB CD repreſent a rectangular billiard table ; required in 


what direttion a ball from a given point P muſt be flruck fo that 
after three reflections it may ſall into a purſe at the LB, Fig. 118. 
1. Parallel to B D draw P K, making H K = twice B N, upon K 
raiſe the IL. K M making it AH +CD, join MP ſo is d PM the 
direction required. For if the ball P be ſtruck in the oblique direction 
ds it will ſtrike A B in E, and froti thence reflected back to F, from 


F 10 G, and from G to E, {till making the Ls af reſiedion and incidence 


e 8 A QC,ou« JD , 
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=, {ſee theorem 164) whence the Ls H. A, C, and D being right ones, 
the As PH E, FEA, FCG and B Dare all fimitar, and per fg. 
$H4+ AF+FC + BDis given =PH + 28D at FH + 
EA+GC+GD isalfogiven= AH +CD, therefore, as PH 4 
2BD : A H+CD: : P H: HE, which gives the above conſtruction. 


SOLID GEOMETRY, 
For ſhewing the nature of ſolids, &c. 


PROBLEM CLII. 


From a given poi m in any planz to erett a. L to that plane. 11. E. 12, 
In common practioe you may take a carpenters fquare, which ap- 
phed te the given point will direct the. 


PROBLEM CLIII. 
Yo Ene if any wall, &c. de I. to the horizon. 
stick one end of a Naffinto the ground with a line and plumet faſt- 


ened to the other, then if the wall, &c. be IL you will by itanding at a 
ſmall diſtance from ĩt obſerve it to be parallel to the line and plumet. 


PROBLEM CLIV. 
To nate a pyramid or ſolid angle. Fig. 119. 

1. Suppoſe you would have a ſquare pyramid, then make 4 = iſo- 
celes As, join their vertexes together laying their ſides along each o- 
ther, and you'll have the form of a Tquare pyramid A vB C D made 
of the 4 = As ABV, Ap, CBv; and CDv; aſter the ſame manner 
may a pyramid of any number of ſides be made, for every ſide of the py- 
ramid has a A, be its ſides more or leſs. Buthereit is to be obſerved, 


that the ſum of. the yertical Cs of the plane Ly whith: conflitute a ſold I. 
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mult be leſs than 3609, otherwiſe the angular points when connected 
will be all in one plane, as in a cipcle's center. Alſo, any two of the 
ſaid Ls however taken mult be greater than any one of the other Ly, 
er they cannot poſhbly form a ſolid C. 


PROBLEM CLV. 


How to make @ cone. Fig. 120. 


1, With any convenient radius deſcribe a ſector A v B upon paſte- 
board, (tiff paper, or the like, then cut it out cloſe by the edges A * 
and B v, as alſo by the arch A B, then this turned together ſo as. vA 
lues upon v B will form a cone. By the ſame method you may make a 

cylinder 1 


PROBLEM CLVI. 


Given d c the radius of a ſphere, to find the fide of any of the fius 
regular bodies inſcribed therein. Fig. 121. 

1. Having deſcribed the ſemicircle divide the diameter into 3 = parts, 
viz. da=ba=b r, erect the Ls ae and cf, and draw e r, e d, df, 
cut e d in extreme and mean proportion in h, upon r raiſe the L H G 
making it =rd, join c G cutting the circle in n, join rn, n o if we take 
r d the axis of the ſphere 2, then by the nature of a circle we haxe 


1. re g 1, 62299 Tetrahedron 
2. d — = 1, 1540 | fora fide | Hexahedron * 
3. de 1.41421 p of the 4 Oftahedron inſcribed ia 
4. dh =, 1364 greateſt | Dodecahedron | that ſphere, 
5. rn =1,05146 | Licolehedron |} 


See the five regular bodies in the explanations, as well as the five ſol- 
lowing problems. 


PROBLE M CLVI.. CLVII.- CLIX. CLX, 
CLXI. 


To repreſent all the five regular bodies, = 
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1. A tetrahedron is a ſolid contained under four equilateral As and 
d no more but a triangular pyramid whoſe baſe and three ſides are all 


= equilateral As, and is formed by turning up the three As AB and E 
upan the ſides of the A D. Fig. 122. «i 


2. A hexahedron, or cube, is form'd by turning up the four = [78s 


mark'd 2, 4, 5, 6, upon the ſides of the = £7 mark'd 3, over which 
as a cover bend the mark d 1. Fig. 123. * 


3. An octahedron, is a ſolid containgy] under 8 —equilateral As, and 
is formed by folding the As in Fig. 124. 


4. A dodecahedron, is a ſolid contained under 12 = equilateraland * 
equiangular pentagons, and may be formed by folding ap the 12 regu» 
lar pentagons, in Fig. 125. 

5. An icoſehedron, is a ſalid conſiſting of 20 triangular pyramids, 


whoſe vertexes meet in the center of a ſphere, which is imagined to 
circumſcribe it, and may be form'd by folding &c. the Ls in Fig 126. 


Note. Theſe figures ſhould be drawn on (tiff paper or paſte-board, 
and then in the paſte-board cut the lines half way thro”, and bend or 
foldin the ſeveral planes of which the body conſiſts, and they will cloſe 
together in ſuch ſort as to form the body deſigned. | | 


; PRQBLEM CLXII. 


To find the axis of any cone or pyramid, or of any fruſtum thereof. 
Fig. 127. 
1. Meaſure any length from B the baſe as B C, with a ſtreight ſtaff 
or line. 2. Meaſure from C ta u, (in a direction parallel to the baſe 
A B) to the ſide u B of the ſolid, then it is evident, that B C is = LD. 
Su o, the axis of the fruſtum A B C G, and Cu (Bo) taken from 
BD leaves Lu (Do) which doubled gives Gu the breadth &c. of 
the leſſer baſe of the fruſtum, make A ag G F and Aeg Gu, ſo will 
E a and ue be parallel to A v, whence the As Av B, a E B, and eu B 
vill be alike, and it will be as e B (A B Gu): o u, or: e a: :AB 
Dv or: Av, and: a B (AB EF): n E, or: D E, &c. hence we 
have a rule to take the dimenſions of a growing tree, &c. thus, ſuppoſe 
@ tree be 20 feet high, 40 inches girt at bottom, and 383 inches 3 feet 
K 
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above the bottom, it will be as 3 feet is to 14 inches (40 — 384) ſois 20 
ſear to 10inches, which taken from 40 leaves 30 inches the girth at top. 
ue fame holds true in any fruſfum of a pyramid, by ufing the peri- 
plicrivs at the baſe ant what diſtance from it you pſeaſe ; or inſtead of 
the peripheries you may take two ſimilas ſides, and ſo ſind + Bike Gde 


* the tap, 


PROBLEM CLXIII. 


To take the dimenſions of any ſatid, ſappes of a «bh, H B H 
d Dd E. Fi 8. 128. 
1. Cloſe to each end of the caſk ſer a freight rajer as A N and C. 
A to EL its axis. 2. Upon the bung B lay another ſtreight ruber A C, 
parallel to the ſaid axis E L, and meeting the former two rulers in A 
and C, chen it is evident that C A will be = H H= EL. the eaſk's 
length, and that twice A H added to Hdis = B D the bung diameter. 
Alfo, twice Nm taken from BD leayes a diameter m D, as taken at m, 
between the bung and the head. 

Note. The thickneſs of the caſk andi what the ſtaves overſhoot the 
heads muſt be conſidered, Alſo if the heads of the caſt be , then A C 
wilt be paralfel to E L when A His = CH, but if the ruler A C is not 
parallel to E L, ie is plain by the figure, that dre ſum of the * 
and A H added to Nd wilt give B. 

- Tf the caſk ſtand upright, as fig, 129, you may do ĩt eaſier thus, lay 
a ſtreight ruler d Q over the top of the caſk with a line and plumet QP 
at the end Q now itis plain that ifthecaſk be . QP will be parallel to 
RL its axis, and that twice HQ added to H d gives the diameter B D, 
the line touching the caſk in the point B, alſo twice n m taken from 
BD leaves the diameter n D, &c. after the ſame manner you may take 
. the dimenſions of other ſolids as occaſion may require. 
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— 


T is common for writets on algebra and geometry, to add a collec- 

tion of queſtions by way of illuſtration; however 1 have ventured 
to deviate from che common method, by ſupplying this ſpeculative part 
with uſeful articles and general theorems analytically demonſtrated, 
whi ch I hope will be thought as good exercife as the ſolutions of m 
ny queſtions, and in the mean time furniſh a book wich a |, rge collection 
of principles applicable to the ſollutions of queſtions in n.any branches 
of the mathematics and natural philoſophy : ſuch a collection and fo 
digeſted, I preſume cannot be found in any other bpok, which 1 hoys 
will be thought worthy of my reader's notice, | 
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DzrtniTion. An algebraic procefs is no more than a 
comparative way of reaſoning, and is founded on theſe fix 
fundamental axioms, viz. 

1. Quantities that are equal to one and the ſame thing, are equal 
themſelves. 

2. If quantities laid on each other agree in each part, they muſt be 
equal. By this axiom many of the propoſitions in Euclid may be de- 
monſtrated. 

3. If equal quantities are added to or taken from equal ones their 


ſums or differences will be equal. | 
4. and 5. The whdle is equal to all its parts taken together; and if 
quantities are equal, their like parts, as halves, doubles, trebles, &c. 
will be equal. | 
6. But if quantities are unequal theſe parts or ſums, &c. will be un- 
equal, and that which was greateſt will remain ſo, &c. 


| PROBLEM CLXIV. 

Algebra is an art by which the moſt difficult problems in arithmetic 
and geometry are ſolved, by aſſuming ſymbols or letters for the things 
required, and thoſe given alſo if you chuſe, for this purpoſe the initial 
letters in the alphabet are uſed, and the final ones for unknown quan- 
ities. Theſe letters or quantities muſt be connected together by addi- 
tion, ſubtraction, multiplication, diviſion, &c. as the nature of the prob- 
lem requires; which done, obſerve if the unknown quantities exceed 


the known ones in number, the problem is often impoſſible, but if con- 
trary it is capable of many anſwers ; and when the number of known 


quantities is equal to that of the known ones, the problem can have but 
one anſwer, which anſwer or anſwers are had by working out all the 
unknown quantities except one, and this one being on one fide of the 
ſign=or equation by itſelf, and the known ones on the other ſide there- 
of, the value of this unknown one is thereby known, by taking the va- 
lues of the known ones in numbers and working with theſe numbers as 
the connections of their reſpective numbers direct. Any letters may be 
taken, or repreſent any numbers univerſally; ſo that in ſolving any 
queſtion algebraically you'll have a rule or theorem for all queſtions 
of that nature. Obſerve carefully that whatever you do on one ſide of 
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the equation, you muſt with the ſame valuedo the like on the other ſide, 
otherwiſe, it is plain, the thing will loſe its equality, In vaniſhing the 
unknown letters, you mult uſe ſuch means as you think will beſt and 
eaſieſt do it, whether by addition, ſubtraction, &c, Alſo, for every 
different value in your problem or queſtion, make choice of different 
letters to prevent miſtakes. 


Of SIGNS and CHARACTERS, 
their names and ſignifieations in algebra and geom etry, 
Equal to. 10=10, a= © i. e. 10 is equal 10, or a equal e. 
plus or more. a T egg, 1.6, a more or added to e is equal 2. 
Minus or leſs. a - e gz, i. e. e taken from a leaves 2. 
Multiplied. a x e or a e, either of which denotes the prod. of a ande. 


Divided by a e, or— ſhews that a is divided by e 


$ X43 IB 


Vor I Square root, v9, or 9.4 = 3, the ſquare root of q 9 i is 
equal 3. 

or “ Square. [19 or the ſquare of 91s to be taken, 
:, 12: Proportional. 2:4:: 6:12, as 2 is to 4 ſo is ö to 12. 
J. Leſs than. 446, 4 is leſs than 6. 
A Greater than. 6 A 4, 6 is greater than 4. " 
* Ergo, or therefore, ———— L Angle. 
R L or L. Right angle. ———— (7 Parallelogram, 
A Triangle. —— —— © Circle; or the ſun, 
|| Parallel, —— 7 Minus and Plus. ——— + Plus and Minus, 
C Complete ſquare. — — G. Involution. — — w Evolution. 
a * e Xu, or a. e. u, oracu, denotes the product of the quan- 

| tities a e and u. 

(47 E. 1) the 47 propoſition of Euclid's firſt book. 
Ls Angles. ——— Cs Right angles. ——— [UO Squares, 
C3 Parallelograms. —— As Triangles, —— 1s Perpendiculars 
l. Parallel to. —— & Proportional to; — / Cube root. 
*M/ Thenth root, —— , Cubed power. —— | The n power, 


i or ae, or Tes all ſnew or expreſs the root, 
whoſe index is n is to be taken of a + e, alſo L ＋ |. ſhews the ſum 
of a and e is to be raiſed to the power denoted by n, and a + © X u, 
or: a e: u denotes the product a and e multiplied u. 25, 556% 
denote 2 degrees 5 minutes 6 ſeconds. 
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Numbers prefixed to quantities are called coefficients, and fhew how 
| often the quantity is to be taken, as 5 a denotes 5 times a, 6a e, 6 


mes the product of a and e, -— = or ja + eie times a divided 


by twice e. When lettets are joined together without the ſigns + or — 
among them they are called ſimple quantities, as a, 2 a 7 — other- 


wiſe compound quantities ſuch as a I e. a - ee d. —ae—ghe. 
Quantities that have the ſign 4- or no Gen before them are poſttive, or 
affirmative quantities, and thoſe thathave — before them as — a — c d 


are negative quantities. Every quantity has its ſign on the left hand 


ſide implying its politive or negative relation. Multiplication joins the 
quantities together, and quantities divided as yulgar fractions, che di- 
vidend above and the diviſor under a line dtaun between them. 


N. B. Quantities may be ranged in any order without altering their 


value, as 5a b— c, or —Cc+ 5ab, or 5ba — c, &c, are all the ſame, 
for c is ſtill negative and 5 a into b poſitive. 


Figures following quantities are ealled indexes or indices, or expo- 


=” „ 
nents; thus, iis Vaan, : apc]: Þ implies a4 e is to be involved 
to the m power, and evolved to the n power, ſuch are called ſurd quan- 
tities. To illuſtrate theſe things more clearly ; 
Let a , b 5 and c = 4, then will 


aa ＋ 3 ab- cc ga“ ＋ gba - cg 36 49 = 16 110 


244a—Zaab4ccc=245% — 3 a*%% 4c = 432 — 5404+64=—44 
ax:ia+b:i—c=aa+ba—c= 36 +39 — 4 = 62 


— — 
Vac cc ga2z ATC .: 5 2 6428 
aaa a3 216 


Tee 10 2 214 

5 — ce 2 216 2 21,6 — 16 2 5,6 
a + C 10 

a 2 —— 


, but e And ſo on 


If no * be before a quantity, you are to * an unit before 
it, ſo 1 * 1e, are the the ſame as a, LD 
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1 a eg 8 


2 Ja -er d 
112132422847 
3X7 | 41 10a=558 +54 

On the left hand ſide of algebraic operations is ruled two lines with 
figures between them called ſteps, and thoſe on the left hand hde of the 


ſteps are to ſhew how theſe operations are performed; ſo here againſt 
the third ſtep we have 1 + 2, i. e. the quantities in the iſt and ad ſtep 
are added together and their ſum placed in the 3d ſtep; allo againſt the 
ach ſtep 3 x x, i. e. 5 times the quantities in the 3d ſtey are placed in 
the 4th ſtep. Obſerye, where a daſh is over a figure as 5, it ſhews that 
5 denotes the number 5, without which it would denote the gth ſtep, 
Some authors do not make ule of ſteps, tho” I think them much ea ſier, 
as they ſhew how every ſtep is wrought. Quantities as a and — a, or 
2 be and c ch, or — & d a e and + 9 dae, &c. conſiſting of the ſame 
letters are called like quantities, let the ſigus and coeffi cients be what 
they will, and vice verſa. 
PROBLEM CXCY, 
To add algebraic quantities. 

Rule. When the quantities are unlike they can be no way added but 
by ſerting them down with their reſpective ſigns before them; but if they 
are alike and have the ſame figns, the coeſſicients are added together 
and to their ſum the quantities are annexed and ſigns prefixed, but if 
the ſigns are unlike, you mult take the difference inſtead of the ſum of 
the coefficients, and ſo prefix to it the fign of the greater coefficient, 
for a negative quantity is always leſs than nothing, ſuppoſe a man is only 
worth roo5Hand owes 2000, the true ſum or ballance wilt be —995] 
his real worth, or 9951 worſe than nothing. | 

| EXAMPLES, 


F. 2. 3. 
iſa] {tin Of, e ee 
2]a| —a| a | 12a—b [2 1 va+db—1oce—4y/e _ 
2 3222 0 294 —7b|3bd22 |2db--1 reedy/e _ 
8. 9. 
* 


＋TVa-erg fe: +5 


2 2 Le Eee 


— | 3 Jaya ae: — [295 4v/72 +0: — ; 
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10. 


His io. e Tu: Ve- u: 
2 ze Tu: Leu: 
2 — 

| 11. 

| a — 2 

by $925 e # 

; 4 :aaa +a: * 40 3 
11243 ＋— V 242 aa] 


If the indices of ſurds be unlike, as 4/ a and "A a, or the quantities 
within the ſurd ſign be unlike, as /: a Te: and /: a e e: or have 
unlike figns as /: 2 e: and : e -a: it is evident they have dif- 
erent values, and ſo muſt be added as if they were diſſerent ſunple 
quantities, as in the foregoing examples. 


PROBLEM CLXVI. 


Subtraction of algebraic quantities. 

Rule. Subtraction being the reverſe of addition. If therefore you 
ſuppoſe all the ſigns in the ſubtrahend to be changed, viz. — into 4 and 
+ into'—, you may work as in addition. 

. 15. 16. 


©4 bout buoy o eee 
2a [—a2l[ +a | 12a—b |2bd—3a—e 


— — — — — — — ꝗ — — —i — — —  — — — — — — —ß— 


* * -»* 


. 
1-213] a [a | —-a | 172—6b| bd +52 +e 


17. 18. 19. 
2bd—11c—e | a+ya | aaa g- 
2 | e+11c—2bd | yaa a3 ,—eẽ 
i213] © 0 O I2aþ2y/a | 2y/ aaa IR 
20, 
| 1 Vage 2: 
. 
2 ſy”, a —C+2: : 
He . 
I—2 EO nn > 4 6 BN. AL conkg IO | 
1 | ot + Cc a + c ©, 1 A 


1 
14 
9 
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1 PROBLEM CLXVII. 
| Multiplication. 


Rule. Multiply the coefficients of ample quantities together, and to 
che product annex the quantities, and prefix the ſign + if both ſigns 
were IT or both —, but if one was + and the other — you mult prefix 


— i, e. +, into + or — into — gives + in the product, but — my 
gives — See examples 86 and 87. 


21. 22. 23. 24. | 
1 | a |—-aþ—a] —16a 3 — a a—ee: 
2 | a |—aſ+a] +22 — 2 a b Taaec 
IW2 | 2 aa 


aa — —.— —360abe T2, a ee: 


— 


* 21 = py it appears, that to multiply dee | 7 
a* and a5 &c. of the ſame quantity a, is but to take the ſum ot ther d 


n m 
dexes 2 and 5,1. e. a* xa gaꝰ, and univerſally, (ex. 27) a ð = 


Alſo, (ex. 28) 5 + ai —_t 15 and, * n . By 
reducing the indices to a common denom nator and adding them toge- 
ther, (ex. 29) If any number be ſquared or cubed, &c. and the ſurd 
ſign of that power prefixed to it, ſuch a ſurd will be =to the firſt taken 


number, i. e. 3x3=9 and 4/9=3, allo 3x3x3=27, and i &c. 
whence a] | or an m b—a""b-b TI alſo, ae V &c. 
If the multiplier be a compound quantity you muſt work with ey 


term therein as a ſimple quantity, and the ſum of CO ſimple prod- 
ucts will be the product ſought, 


30. f 31. 
| 8 
* 2 4b 1 a+þe—ueþp—= 
2]a—b [2] a—e 
IXa | 3|aa+ba Ixa |2jaa+ace—uca a ae 
IX b 4 —ab—bb Ars 


3 
IX— 14 —ae—eeþuce." * 
| 


3 +45 ja2—ee—ucapuee— nn 


— 


C 


L 


— — at 
— 2 — 
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| 32. | 33- 

| 1 | 3a es [1']a+ ef - 

2 2 —<C . 2 a — e. 
3 
IXx—e 4 23 — * : WP —ac—ee| - 
S360] 51 vs r 


If furds to be multiplied have the ſame index las in ex. 22) you 
pray multiply them as whole quantities, and xo the produdt join the 
ſurd ſign. 

PROBLEM CLXVIII. 
Diviſion. 

Rule. Infimple quantities caſt ſuch quantities out of the dividend as 
you find in the diviſor, and what remains will be the quotient; obſery- 
ing that I. by 4 or — by — gives +, but + by — or — by + gives 
in the quotient ; that is, divifionis juftthe reverſe of — 
bee example . 


34. 35. 36. 37. 38. 39. 


by wha —aa —32a ae —8 ae 
; WW 22. 
| 7 a 4 a 
. - wie. wt 
— —ͤ 
40. 41. 42. 43. 


. das  Baby/ay IN STN Pxa+b; 
2ban ea” 16abby=y 7cx Ya b: 


= > am — I Is 
12 Jo > 8 2a 7 


* . 


— 1 


In any operation where the quantities are much compounded as in 
ex. 43, it will be beſt to put a ſingle letter = to ſuch compounded parts, 
(called ſubſtitution) and work with this letter as the nature of the op- 
eration directs, and then in che anſwer you may \ write ſuch powers &c. 
of the compound quantity as thoſe of the ſubſtituted one directs, (this 
js called reſtyution;) thus, ex. 44,/put Amece+yy Y yh and B -= 


a b, then ex. 43 will ſtand + 1 eos aB where by 
| the rule u plainly appears that = Lis the My If che di- 


7 
Pg 


- 'TL 7 
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Kot and dividend be both com pound quantities, Tet each be ranged in 
one order that the greateſt term may ftand firſt &c. in order, or they may 
ſtand in any order to be molt convenient for diviſion, then take ſuch a 
term for the firlt term in the quotient as that the firſt term in the di · 
viſor being multiphed thereby, the product may be = to the firlt term 
in the dividend, multiply all the diviſors by this quotient term, and 
make ſubtraction as in common diviſion, and look upon the remainder 
25 à new dividend, then find a quotient term as before; and thus go off 
until divifionis fifliffted, and if at laſt there be a remainder you may pro- 
teed on and fo get à feties, which is the method of putting a fraction 
Into a ſeries by diviſion. It is to be obſerved, that after a few of the 
firſt terms are diſcovered by divifron, the law of continuation will ap * 

pear, and may be car ned as far as you * without dividing. | 


bx. 45 and 46. Divide aa—ecby a. e. and an N fade gae. Hes by a4 


aþe)aa—ee(a—e ap2)a34+52%e-4-52c _ (a "we 
Aaae as + a? _— 
——AE—cE 442 + 5a” 
— — * 
„ | Helge 
Ex. 47. 3 2. 
a) ec e the quotient required. In which voi 
— {ze the ſigns are all poſitive, and e- 
e very following term — the _ 
— — foregoing one mußtiplied by Ty 
LO as whence the terms may be continu- 
r _ EL ed at pleaſttre, which appears to be 
8 a decreaſing geometrical ſeries, 
e M whoſe firſt term is e, ſecond a, and 
3 | 
+ — — common ratio Der e tos. And 


4 — 2 5 have every whole (ea) ee or 


is Sto the ſam of all its parts, 
4 — 4 


47 a3 
(e+2+—+ Ac.) we have this general rule for the ſam of ſach 4 


feries ; viz, FAY the ſquare of the firſt or greatelt term by the differs 
ence of the firſt and ſecond terms, and the quotient is the ſum of aff 
the terms in the ſeries, the terms continued until the laſt term be in- 
ſmitely mall; as for inſtance, if a body move 12 the ſirſt hour, 10 th 


232 —— — — . — — 
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ſecond g the third, 1009 the fourth &c, here e = 12and a=10, ſq 
if the body move for ever at that rate it cannot exceed. = 72: 


Ex. 48. Divide ey by e — 1, or which is the ſame, put = into 
an infinite ſeries 


e &c. where it appears that each follows 
os ny (47 ee ece) ing term is had by multiplying its fore- 


+y going term by e which being the com- 

. mon factor or ratio, ſhews thgſeries to 

e be a geometrical diverging one, 1ſt term 

4 2 y, common ratiq, or diviſor e; hence as 

e before we have another general rule, 

* T8. divide the product of the greateſt term 

1 and common ratio by the difference 

y between the ſaid ratio and unity, and- 

Tis the quotient will be the ſum of all the 

y y terms in the ſeries, the laſt or leaſt 

ec _ e3 term being indefinitely ſmall or in ef- 

fect = o, „ in the laſt queſtion, 
e a 10 


—=-——— — Whence the common 
- 12” 2:3 


ratio is = 1,2 =e, therefore N = 222 = == 72 as before, but 
I, Z—1 O, 
if inſtead of the laſt or leaſt n W taken = o, we take it = ſome 


aſſignable — as a, then it is evident that — will be the ſum too 


much 2 — - and therefore ey. —___—_—_— 2 — © will be the ſum of 


Ci CT Co—1 


thoſe 1 AR y and a; and if inſtead of ſuppoſing the ſeries to 
begin at y the greateſt term and decreaſe to a, we ſuppoſe them to be- 


gin at a and increaſe to y, i. e. iffory + + L+ e. we take 


ee CEC 


a+achacebac3 &c. we ſhall bare for the ſum of any geome- 


trical increaſing ſeries, whoſe firſt term is a, common ratio or multiplier 


e, Which is a new, ſhort and eaſy inveſtigation of geometrical progreſ- 
ſions. 


— 
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aae 26—23 
XX. 40 and 50. — —. and <= be the ſums of two ſeries, 
43 are — terms of theſe two ſeries ? 


a—e)aae (ae * * where the law of continuation 


aae—aac appears. 
_— apart 41)0 —23 tt 1 &. 
; 2* +2234 
bn 883 
* e* bn =" 
ETD 1 —325—6— 3 
2 e 406 
a ; 
/ ef es | +5 23 
a IO 
—_ 75. A 
* — 4 2 - 
—23 — 20 KC, 


PROBLEM CLXIX. 
Of algebraic fractions, or broken quantities. 

The rules in vulgar fractions hold true in algebraic fractions. The 
molt uſeful caſes in reduction of broken quantities are theſe 4. 1ſt, To 
reduce fractions to their loweſt term; 2, to a common denomunatorz 

3, a mixed expreſſion to a fraction; 4, ard the tontrafy.; 
Lemma. If the numerator and denominator of any fraction be each 


multiplied or divided by the ſame quantity, the new fraction will be = 


au a ZZ 


. a a 
in value to the old one; ex. 5, fo ——— 


auzz 
CUZZ 


metic, Alſo ex. 52, ex. — = 24 na, and Z * = i= 5. Kc. 
whence to reduce a fraction to its loweſt terms, we have this general | 
Tule, caſt like quantities out of both numerator and denominator. 


Ex. 53. fo === and Ebd. 2 alſo e, ao; | 
auc c dee c ae : 


b. be — Kc. Hence alſo it appears, the method of reducing 


fractions to nd denominators, for if you can multiply the deno- 
minator of a fraction by ſuch a quantity ſo that it may be = the deno- 
minator of another fraction, the numerator of that fraction multiplied | 
by the ſame quantity, the fraction will (per lemma) keep its value, and 
have a denominator = or common with the other fraction. | 


&c. which is plain from the nature of diviſion in common arith- 


— 
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Ex. 54. ſo A = therefore, — and 2 when reduced to 
e uv en e eu | 

11 be and 2 alfo * and = in a common denomina- 

1 denom. will be— —alſo P- and in a e amon deno 
cor vilbe g and ,, which gives the common rut, viz. muktply the 
denominators continually for a common denortiinator, and every nu- 
merator into all the denominators except its own denominator for a 
new numerator. Fractions thus reduced to a common denominator may 
be added by taking the ſum of the namerators, or fubtracted by taking 


their difference and writing it above the common denominator; thus, 


Ex. 55. b +— added to = gives b , alfs, the difference 


between bg bead 
. 
Ex. 5 6. Becauſe (per lemma) a ==— and 2 e, &c, therefore, 


b +2 * {A 8 * b ee ee xc. Mixt quan- 
tities * thus ordered, their 2 is had by taking the product 
of the numerators and gh it over that of the denominators. 

Ex. 57. fob += — xX— = Det — neb-£na 


em 


Ex. 58. HG ne —— aer &c. If fractions have a common 
ec 


denominator, Foe” you divide the numerators of two fuch fractions the 
quotient will be the e N of - "wy two fractions. 
da — da oe. — ae 
Ex. 59. ſo- 5A 45 = 1 ac A. -e 


I its loweſt terms, otherwiſe the numerator of the dividend 


4—e 
and denominator of the divifor is a new denominator. 


Ex. 60, So IS 533 and P- p, Kc. Theſe few 


— is = 

; cb c © brs 
examples with the — and "lainefs of the rules, are ſufficient for a 
perfect knowledge of algebraic fractions. 


PROBLEM CLXX. 


Of involution, evolution, and infinite ſeries. 
Rule, Involution is the raiſmg of quantities to any propoſed power, 


and is nothing but a contiaual multiplication of the given px nada 
root into itſelf, 


AND MECHANIC. 
„ 1 OE” Ions a: 


18˙ 2 


2 

G- 343 | : 

2 G. 314] af 485 abe 64% 2 ate 
5 
6 


G- 3 


9 9 
5 E. G. *, a a — 1 2 1 2 
Ex. 67, and 68. Let it be required to raiſe the ee 
des a Te called a binomial, and a e called a reſidual to the fourth 
power, 
| 1 | a4 root or ſingle power, 
1 
1a 18 ad- Tae | 
* e 4 | NRecee 
374 5 pos ogg ſquare, or ſecond power of a e 
1 6 | E 
4 os |} 7? | aaa + 2aae-bace 
p * | BY anc-þanceyoce 
; 7 T8 |]. 9 | aaa+3aae+gacecee cube or 3d power of a e 
| 10 are 
9X4 | 11 ] a> Fife ade e 4 JOE 
N a*e+3aace+3ae? ef 
12+11 II ITT ae +0) biquadrat of a+e 
Again | 1 | a—e root 
2 | a—e 
IX 2 | 3 [A 
1—e | 4| —ac+ee 
374 | 5 | aa— ae , ee L 80 
11161 
5 Xa 7 | aaa—22ac-þeea 
5 xe | 8:  —Aacþ2Ccea—e? 
778 9 | a —3aae-| 3ace—e? cube 
10 | a—e 
9Xa | 11, a. —zale + 3aaec—ac? 
e [12] —aZe + 3aace—zae* e“ 3 
1171213 | 2 e ef —gae? ef biquadrat EY; 


4 
, 
0 
1 


* 
„ nM — df . 4.4 
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From heace it appears, that if any binomial a +e, be raiſed to a 
power whoſe index is n, the terms without their coefficients will ſtand 
an real! Seen” “ Leeea®”s3 + efan—*.+ &c. until the index 
of e be =n, where it is evident, that as the index of a decreaſes that 
of e increaſes in arithmetical progreſſion, common difference = unity, 
If the index of the power be n, it alſo * the coefficients will 
be 1, n, * , „ * N r IDS Kc. until 
the number aakerFrom n leave o; i. e. 2 coefficient is had by mul - 
tiplying the foregoing one by n. leſſened and divided by an unit more 
than in that before it. Ex. 69. Theſe 1 preſixt to their reſpec- 
tive terms will ſtand thus an + nea + 2—— ee © + 2 
ceea 3 + &c, or taking A = the 2d coefficient, B the 3d, C = 
the th, D the 5th, &c. we ſhall have A=n, BN CS B 


2, nc , &c. ſo an + Ae an ＋ Beea— + Ceee an 


+ Dela“ + Kc. A e' by which any binomial may be raiſed 
to any power without the trouble of multiplication, ſo if n=4, then 
Ag, BAN =, C * ere =4, DC K AN = 
which put in che laſt expreſſion for A, B, C, &c. and 4 15 or n, we ſhall 
have a + e |! + yea? + beeaa + ge ba ef, the ſame with the ſtep 13 
in ex. 67. And if for a + e wetakea—e, it will be the ſame, only e- 


very other ſign will be negative, as appears by ex. 68; as for Ex, 76. 
Let it be ord to raiſe a —e to the 6th power. Here n=6=A, then 


B=Ax i =6x=15, and b 15 * o, and DN 


* 22 50 * 822 5, ſo the coeffici ents will be 1, 6, 15, 20, 15, 6, 1, 


for the firlt half of the coefficients being found, the ſecond is alſo 
found, the latter decreaſing as the other increaſes, (ſee ex. 67 and 68) 
now n being =6, the terms will be a. abe ale! —aFe? + abe“ — ae 
Tes, to which prefix their coefficients, then as — Gabe ＋ 152%0* — 
20a e3 + ale! —baef ef = a —e[* Ex. 71. Raiſe a-Hu+Zz 
to the nth power. This is the ſame as ex. by writing u ⁊ inſtead 


of e, ſo we ſhall have a ＋ AU 290 UTZ“ + C 


u+2]Þa—3 + Kc. = au +2 In this manner may any expreſ- 


fon be raiſed to any power, or put into an inſinite ſeries by involution. 


ren 


* 


| ” >, 5 | PTY 
AND MECHANIC, 0 
- Feolution is the reverſe of involution; i. e. as the one raiſes roots ts 


powers, ſs the other finds roots to powers. But to put any furd into an 3 
infinite ſeries by evolutian i is the ſame as the laſt example or ex. 69, if 


for the index you take n inſtead of u. Exam. 72. Find the nth-root of 
ae, or fn a ape into an Nn ſeries. FU by ex. 69, we ſhall 
have a” + Kea + Beea 4 2 Ceeean” "4 &. 24 Teß⸗ for 
it is evident the method of involution makes * difference whether the 

index be a whole or a fractional quantity, as n or „ Ex, 73 What's the (J 
W or put a ＋ e Ze into babe e Here A=!, BZA, x 


pw = 
3 A — C=Bx®<2 — —$x = D=Ox 2. 


* ME IEA: &c. which ſubſtituted in the laſt feries, for A, 
4 . 


B, C, &c. and + for n gives T: + 4 zea—*—teea —* + geeer- Ke 
24 > 2 But becauſe by the nature of diviſion, a m is the ſame as 
— (ſee ex. 40, 41.) vis. 2 — r * Zalſo, 2 


nn F 1 
2a , but W known to be = 1, confequently a®=1 or uni- 


ty, let the quantity a be what it will. Likewiſe an e | 
z="= an, which ſhews that quantities' with negative indexes become 2 
diviſors, and therefore T c A e 
vuors jeretore a- e *=2A TR: 821 71885 &. 
But the above coefficient may be taken otherwiſe; thus, A , B=A 
14 +1_ +23 D==S. 235 with 4 
A 2.” 3:4 Ä 2740 1 274.6 neus the 
numerators to be a ſeries of odd numbers, and the denominators”a ſe. * 


_ Ties of even ones, obſerved with the indices of a, &c, in a few of the” 


firſt terms, the law of continuation (as in ex. 47) is evident, and mays 
be continued to what number of terms you pleaſe. ** 


Ex. 74. What is the e root of a —e ? By the above work 
it will be found 2 1. ee I. 3e I. 2e 
FI vs A 2,404 25,4,6, 80 7 
7e, & 
* e xc. here all the ſigns are negative; by negative | 
ſigns of the terms, (ſee ex. 70) and poſitiye figns of the coefficients 
(lee ex. 73.) þ N 
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Ex. 75. Put „ Oapw.o9. afaiqn feces Here n —A WP and 


=A — .. S 2 i F 
5 - 3 6' „ 
12.5 I, 3 1—3 1.2.6. 8 F * 

— M le zr 


for a +e, and 3 for n the general ſeries in ex. 72, with theſe values 


of A, B, C, &c. we ſhall have a — Ee. — 288 224 
35 aa — $0 3,6% %% 


1,2, 5.6 1 KEY 

Tag” — &c. Ae root abe es. By this method we may al: 
* fo put any fraction into an infinite ſeries. As for 

2 76. eber 73) See 'E—A| by: Here A=—1=", 


| 3 A 


| . B, C, &c. with — 1 for A 

for a Ie in the ſaid ſeries in ex. 72, we ſhall have © ac” Ae 
Pa aa” Bc, = TS] which multiplied by ce Bee 
ee. n a5 by ex. 47: 


K. 77. . Hiace: x a- L into a ſeries, 


Firlt,- FI =/a+ — 205 ge. by ex. 73. 


2dly, a—e| 9215 75 8821 Kleber. 74. —f for 44 


— — — — — — — 
Now by multi- I + +&c, 
ying theſe. þ 
germs together — &. 
and taking 
| +&e 


ery Fs +, = TH Te y-— of 


a — — 


„ — 


WE OE CCI —._ 


- - 


1 | 
= 4.2 | $© TE 8 ">. II H wh 
AND MECHANTC; It 
PROBLEM CLXXE © © 

Of equations, converging ſeries, Wes 
Ari Equation is when two different expreſſions equal in value are ſet 
down with the ſign = between them, as 10 - 5 ＋ 22 20 — 10 — 33 
In ſtating algebraic queſtions, you mult be careful to connect the ſuppo- 
ſed letters as the nature of the queſtion requizes, viz. fo as the verbal 
and ſymbolical expreſſions be exactly the ſame in effect, which done, 
the next and moſt difficult part is to clear the equations of all the un- 
known quantities except one (ſee prob. 164) which mult be done by a 
perfect knowledge of the foregoing work. 4 
Ex. 78. If the product of two numbers be 35, and their quotient 1,4 


What are theſe numbers? Firſt put a = the greater number ſought; - 


e = the leſſer, p = their product: and q = their quotient. 

Note. It is beſt if there be fractions in the terms, to clear them out 
by multiplying each term in the equation by the denominator of the 
Traction. Alſo, if there be ſurd terms, clear them out by involurieng 
evolution, &c. 


Then 3 7 "yt 2 the queſtion. 
ö 2 SSA = qu 

2x © | 3]a=qe 
1 e | 4 a= © 

d ü N E 

= 4 5 4e | | ” 
xe |] 6\qee=p 4 
6 * ee 25 "RF | 3327S 

„ 


When there are more unknown quantities in the queſtion thanoney 


ſome of them may be left out in ſtating, by ſubſtituting their values, 


and the work much ſhortened ſo here, becauſe—= q,ora=4qe 
by writing q e for a, we ſhall have q exe =qee=P, and dividing 
each fide by q we get e e =p — q, the ſame with ſtep ). 


Ex. 79. Ha es 12 be the ſum of two numbers a and e, 
andaa Tee = 2=44 be the ſum of their ſquares, What are theſe - 


numbers? Here, becauſe a + e s, or $ — ea, by dating e from 
each (ide ; | | 


Y : 
— . ˙=ß . — — — 


. 
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we ſhall have ns Ty þ se are ee come 
Lv” 2 N aqueſtion. 
2 — 2 1 3 —— =ee—se 
3 0 0 4 n 
W | : 9 — — 4 40 
n . . 


= 7, one of the required — St and s — e ga, VIZ. hf =5 the 
other of them. 

. Otherwiſe, If we take u = 6, half the ſum, and d — half the differ- 
ence; then will a u A d, and e u- d, (a denoting the greater 
and e the leſſer number, 


Then, 2 2 
per] | | 4a-pee= ud +u—d| — 
f | 2ud-þdd—z 

a: + 1-2 2uu+2dd=z. By addition. | 

2 — 1 3 | uu+dd=+Z 

3—uu 4 dd g z-uug 37 — 36281 

gw2 55 [d=y/:iz—ut:=y/imzl 

whence 6 | a=u+d=6+1=7 and e=u—d=b6—1=5 as before 


By the foregoing examples it is obſervable, that algebraic queſtions 
may be performed ſeveral ways, but that which is ſhorteſt and eaſieſt is 
to be preferred. 


Ex. 80. In ſtep zd foregoing we have ee — s e, where if for s we 
write 2a, then it is plain, (by ſtep 5th in ex, 68) there wants but a a 
do be added e e — zac to make it a complete ſquare, viz. aa — ae 

Tee, whoſe ſquare root is a — e, (as in ſtep 5th foregoing) which 
gives this general rule for compleating the ſquare, and fo ſolving this 
fort of equations, viz. ſquare half the coefficient of the unknown quan- 
ity, and add it to each fide of the equation, &c. (as per ſteps 45 and 
46 above) which ſort of equations admits of three caſes, all ſolvable 
ubis way, viz. 
| to which 
1. e 3 bee Þ Carey see: 
2. aa— aer e we Za ae fees tee > 5 4a—t=y/:3+ce: 
ade —aa gs) have ( aa—2ac+eemee—s 2 JS, CCS; 
Ex. 81. But to expreſs theſe equations eln, let us ſuppoſo 
* 2 * then 


7 


AND Miene. ov * 


= 


1. — which by Vece ». 
3- an —2can+e ems e gives j 3= 2h Dec 


In the ad and 3d caſes you may take either the ſign— or before s e 805 
and ſo get two different roots: either of which muſt be taken as the na- 
ture of the problem requires. The reaſon of two roots is, becauſe a —e 
ore — a ſquared grves the ſame thing, viz. aa - za e ee. But in 
caſe 2d, one of theſe roots will be negative or leſs than nothing, ſoit 
can have but one poſitive root; but in caſe 3d, both the roots are 
ſitive; theſe are called adfected quadratic equations; becauſe there are 
but two dimenſions of the unknown quantity, and the index 2 n of the 
one double to n that of the other; and if an be taken out, it is called 
a ſimple quadratic equation. Alſo, ſuch as a dd a c a s, wherein 
the unknown quantity a is only of the firſt power, or index unity, are 
called ſimple equations; all other forms of equations are called adfected 
equations, and cannot be ſolved by compleating the ſquare ; but all 
kinds of equations may be ſolved by the following general method, 
called converging ſeries. | 
Ex. 82. Required the value of e, in a en be — +c er 4 
de —3 ＋ &c. Q; wherein n, a, b, c, d, &c. repreſent any quan- 
tities poſitive, or negative; to ſolve which put r + z =e, 
Then 1ſ[ e=r® +nr»—*z+ &c, 
per exam, 24 en — 2 r— ＋: n- 1: T1 — z &e. 
69. 3 en - T-: n— 2 :r— z 4 &. 
continuing the terms no further than the firſt power of 2. 
Now theſe values of en, en, & ſubſtituted in the given equation, 
we have ar +anr®—"Z+br*—t.:n-i:bra=z+ 
ora ＋ in- 2: cr + &,=Q; now, by tranſpoſing all 
the terms wherein 2 is not concerned, and dividing by the coefficient of 
2, we have ; 
z= Car! —brn—*—_crt—? _drv—}— &. 
nar®—"+:n—1:br*—*+:n—2:cri—3 + &c, 


Ex. 83. As an uſe of this general expreſſion, let it be required to 
find the value of e in this equation — ee e + 3 Oe = 1000. 


Firſt, by ſuppoſition and trial get a number to come as near the value 
of e as you can, and call that number r, and what r diſſers from e call it 
2 ; chen it r is greater than e it will be r — zge, otherwiſe rt = 
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ſo here by trial, e is found to be fomewhat more than 3, ſo take rz 
and r 4 2z =e, then in this ex. n is S, a I, bo, c = 300, 


and Q = 1060, d. &c. being not in this ex. becauſe there are no e 
terms for them, t hey are taken o, and ſo the general equation be- 


Jar —cr? —* 2 300 r. 


— nar Tin — 2: C= ig — 31 + 300 


.o, = E, whence, r 4 2 2 — 
— 27 + 300 273 | * r 
But this method cannot at one operation give the juſt value of e, becauſe 
in the general equation (ex. 82) all the powers of z above z* are left 
out, yet by making this value of e, 3, 5 r, and repeating the operation 
z will be had to two or three more places of figures; and by making a 
third operation, you'll find 2 or e to 4 or 5 places more, and thus pro- 
ceeding e may be found to any exactneſs required, every operation 
9 leaſt the places of figares ; fo by writing 3, 5 for r in the 


1000 + 42 1B75—1950_ * 

— 36.75 + 300 263,25 
0,027, ſo (r 2z) 3,5 — 0,027 = 3,473 = e nearly; and if this 9,474 
be taken for a new er and proceed as before, you'll find e=$,47296351 
and ſo on if neceſſary. 
Ex. 84. If the root of a ſimple power be required, chen a, b, c, 
d, &c, are each = o, * © = Qin this caſe, fo we ſhall hare 


2 Q—r 


comes 


laſt 3 we have 2 


18 — | 
A general method for extracting roots by converging feries. 
Ex 85. Every ad fected equation hath as many roots poſitive and 
negative as it codſiſts of dimenſions ; thus, if e=b, and e = c, then 
b—e=oc—c=o, and: c —exN:b—eimee—ce—eb+ 


e bg o, or ee —=2ze4bc=o (by putting — 22 = — b) the 
ſame with caſe ad in ex. 81. 


_ Again, £ —bxc—ezeb—ee—cb+ce=o,or—ecþ 
2ze=cb, by putting 2z =b 4c; this is caſe 3d in ex. 81. Allo, 


tie- a: K: e -b: x: e -c: eee - ae be! —ce + 


a be +ace+bce— abc o. an adſected cubie equation. Suck 
equations are ſet down by ſome writers thus, 


8 a b 
ee e- b 5 2 5 e a be co 
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Here e has three values or roots, yiz, a, b, &c, and ſo for other 
higher equations, i it appears that — a — b c, the coefficient of the 
ſecond term is = ſum of all the roots with a contrary ſign; that ofthe 
third term is ab +a c + b c, the ſum of all their products, that can 
be made by two at a ume, the laſt term of all is = the product of all 
the roots, viz. — a, b, e, 4, From a dus conſideration of which, rules 
might be invented 7 finding each of theſe roots; but as one positive 
root commonly anſwers the end, and that may be had univerſally by 
the rules jn ex. 83, it is thought ſufficient. However, it is eaſy to ſee 
that if any ſuch equation be divided into ſo many roots or parts, 
a — ego, e — bz o, &c. as being multiplied together will produce 
the given equation, that you will have (a, b, c, &c.) all the required 


roots. 


Ex. 86. That — multiplied by +, or + by — produces —, may 
be thus proved, viz. if +b x = e, IL ſay p =— bc, | 


put ' 1] b+c=za 

1— C 2 ba - c 1 
2 x b 3 | bb=ba+hx—e 

that is 4 282 CY | 
* b 5 be 

be 5 bb 1 

4826 7 ba+p=ba—bc | 

7 — ba | 8 | +p=—bc, Q. E. D. 


Ex. 87. That — multiplied by — produces may be thus proved, 
iz. If - b x e, the product p is a be; 


put IIa Sb 

12 b 2 a — be c 
2 X 20 3-þ —ca=—ca+—bx—e, By cx, 96. 
that is 4 —CC=—Cca+ÞP 
I Xx —C 5 —=cCa=—cb—cc 
5 +cb | 6 I be- cas ec 

4+=# 3.23 be — ca -T 
7 + C 4 | 8 [ + bc= +Þ- QE. D. 


* 
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Heace, If n = the number of terms in the 2 N 
1 


© 4+ d Ke. we ſhall haves = na +: nX L 


Ex. 89. Requiredthe fumof the a AS 25 +36 
＋&c. to n terms in number. 


Here a = 9 the firſt or leaſt term, A = 7 7 9 11 
the firſt term of the firſt differences, B 2 4 4 
that of the ſecond diſſerences, C=0; ſo, na+n 0 
A, Kc. becomes n. 74n I od 2 

3 
3 7n?—7n, zunn— Annan 
2 = 89. ＋ "_ = 
2000 +TOOESSNED + — + 


Ex. 90. Required the ſum of the ſeries 3 12 + 20+ 304 
&c, to n terms. 
Here a 2 2, A=4,B=2, and Cg o, 4, 6, 8, 10, 


bo, aa TN = ATN B., &c. 2 % 


O, O, 8 


wo AER parent” NE EIT So 


Ex. 91, Required the ſum of the rectangles m x n, + m I Xn r. 
+m—2XD—2, + M—3xn—3 + &c. Theſe terms actually mul- 


tiplied ſtand 
nam,nom—_Mm—-nN+T,mn—2M—-2nN+,mn—3MmM—-3An14+9&c 
—m—n T1, —Mmh-n +3, —M —N + 5, &c, 
52 52 
50 


Here a =a m, AS 1, B=2, C, D, &c. each =o, whence 


we ſhall have n m - m- XX +2 0x —— 


| Xx = 2 +0 for the required ſum, continu- 


ed to n terms, As an inſtance of which, let it be require®co ful the 
number of ſhot in an oblong pile, whoſe length at the baſe is 46, and 
breadth 15 ſhot. ; N 
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Here m = 46 and n = 15, fo eee = ago, 


the number of ſhot in ſuch a pile. And if m =n = 15, the pile will be 
a ſquare pyramid, and we ſhall have hk. - — 21240 for 
for the number of ſhot. 

Ex. 92. By taking a =, and working as before, we ſhall have 


142431415 TC. TA = 


2 = 

PE +37 . +0 = += 

| +2 +3 +4 +53 +&c. ** = © = 
4 


r 


5 
ec. Ta -N 9 =5 
2 1 


1*+2*+3*+4" +5*+&c. +0 = Pop mh ing 
93. Hence the firſt term of the ſum of 14724 + 3d ＋ 494 þ&c. 
＋ n is = — and if n be indefinitely great, viz. divided into an 


indefinite number of equal parts, then this —_ will be the true 
. n I 


Jum of 14 . 29 + &c, ＋ nd, for an indefinitely great number or 
quantity cannot be increaſed or diminiſhed by addition er ſubtraction, 
and therefore all the following terms in the ſaid ſum may be rejected. 
See theorem 78. | 


Ex. 94. Req. the ſum of the arith. ſeries a - e + a+ 2e - 26 + &c, 

Here a Za, A= e, B, C, &c. each=o Le Te, &c. 
a o, &c, 
hence na + n LY A&, =fa 12. ww C3 


IX | ES: n ? bl K. . 
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PROBLEM. CLX I. 

Of proportional and progreſſional quantities, analogies, &c. 

Ex. 96. If the quantities a, b, c, d, are in direct proportion, viz. 


a: b:: c: d, the menen 


of the two extreams a and d; i. e. bc a d, for a: b: e: = , 


i. e. the product of the ſecond and third terms divided by the firſt term 
is S the fourth or required term, by the nature of the golden rule; 


whence, if we multiply a each ſide of the equation _ =d, by a, we 


have . S ad, viz, bc = ad, (by ex. 53.) 
ES: 97. Becauſe theſe two terms of the proportion become a fraction 
Dix is eaſy (by ex. 53) to reduce compounded ratios into more 


ſimple ones. As for | 

Ex. 98, If it be as a be: ad e:: A: A? ; it will be the ſame thing 
if we ſay as a b: a d, or as b: d:: A: A“. Alſo aa —- ee: ;: a—e 
or a + e : 1 the ſame ratio; becauſe each termis diviſible by a — e» 
without any remainder, &c. 


Ex, 99. Alſo we ſee how to turn equations into analogies or —_ 
tions; for it is but to divide each hide of the equation into two factors, 


one ſide for the two means, and the other for the two extreams; ſo, 
if a a d b, then a: b.: d: a, or d: a:: a: b, for a c ab d. 

Ex. 100. If a bd 44 d, then, d: Va: : Va- hc, or, 
d: 1: a: bre &c. 


Ex. 101. If 1 bed, in direct proportion. 

Then 2 : b : d, called alternate proportion 

and 3|b:a::d: c, called inverſe proportion. 

1+db 4 da4db>bc44db, then ab: b: cu: d, comp. pr. 

i+cd 5a e: :C:.b +d : d, alternately compounded. 

I—bd 6 | ad—bd=bc—bd, then ab: b:: -d: d, divided 

1 e d 7 | adcd=bc—cd, thena—c: c:: b-d: d, alter. div. 

i tac | 8]ad+ac=bc+ac, then a: ba: : dc comert. 

Laſtly mie dhin Siri dc -& Ws . 
9'.* ola d-cb-bdac- be- ad- bd viz, dazhbc. 
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Thys you ſee how many ways it is poſſible to vary four proportional 
quantities; which is the ſubſtance of Euclid's fifth book. 

102. If a quantity a, be continually increaſed or diminiſhed by a quan- 
tity e, the reſults a, a , e, a 2c, a hne, &c. are called arithmetical 
ſeries or progreſſionals inercaſing, and a, a — e, a— 20, a — 3e, &c. 

are called arithmetical ſeries or progreſſionals decreaſing. 

Let a = the firſt term, e = the common exceſs or difference, y the 
laſt term, n the number of terms, and s = the ſum of all the terms 


zn the ſeries; then y will be=a +: n —| e,or,a— h — |e, as the 
ſeries increaſes gr decreaſes, as is plain from the ſeries themſelves ; 


whence we get, firita=y—ne+e; 2. e == and 3, n= 


= e ſeries being increaſing. Then 
Example 102, 
. . 2 
(n:e= 28, when n, a and e are given. 
and alſo 5 nne Tana ay 2s e, fory a4. 


(ne — e, as above, 


154 2, whena, y, and n are given, 


6 2 | 
per2andq4, | 7 202 +200 = nN 25 
7 reduced 8 e, as per ſtep 6. 


| n 4+ * © S 2. e 
per 3and 8, 9 : Li x LEES an 


3 ( whena, e, andy are given. 
In: y— ne e: Luv any — nne+ne 


per 1 and 8 10 2 2 
| | | | (Ss, when n, e, and y are given. 
The 4th, 6th, (or 8th) gth or 10th ſteps, contain the principal theo- 
rems in arithmetical progreſſion ; by which any of the other letters, as 
well as s, may be found. 

103. Geometrical progreſſion is had by multiplying and dividing, as 
that of arithmetical is by adding and ſubtracting. Thus, 

(, ae, ace, ac ee, &c. increaſing, 


a a a a 
; wy” Ty... decrealing, 
& CE ect 


1 


geometrical ſeries 


SS. @& A. << _ a -s5 
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Whence it appears, that if a = the ſirſt term, e common ratio, n = 
number of terms, a =the ſum of all the terms in the ſeries, the laſt term 
y will be a e n—* whence, and by ex. 48, we have 


| noe ae 24 
|. 1 — — 


+4 (a, e, and n are given. 
15 === for y cn", by the above, 


| e when e, n, and 


(J are given, as alſo e, y, and a, 


* en—="=L, foryz wen—", as before. 
| \ 


„ ORs 
4uy:h—I: | 5 | A erlag. erlag _—_ 


1 and 2. 


| | 827 + 95 ' | 
I and 6 6 — when n, 7 and a, are 


* 27 — — I, (given. 


Theſe are the principal theorems in — progreffion ; from 
which any of the other letters may be found if neceffary. 


104. Muſical, or harmonicatproportion, is that between thoſe numb- 
ers, which aflign the lengths of muſical intervalt; or the lengths of 
ſtrings founding muſical notes. Thus, if a ring be divided in propor- 
tion as 3, 4, 6, theſe lengths will ſonad an oftavo 3 to 6, a fifth 4 * 
6, a fourth 3 to 4: for theſe numbers, 3, 4, G, are as in theorem 178. 
Alſo, 5, 6, 8, 10, are 4 numbers in harmonical proportion; for 
ſtrings of ſuch lengths vill ound an octavo 5 to ro, a 6th greater 6 to 10, 
a 3d greater 8 to 10, a 3d leſſer 5 to 6, a õth leſſer 3 to 8, a 4th 6 to 83 
whence, if for 3, 4, 6, we take a, by e, we ſhall have, as at ta 
—b: bc, ergo, a b - a cg ca. cb. Any two of theſe three let- 


ters being R may be had thus, a => ; > When b and 


care gʒwven, and c sc) whena and bare gives. Alle bar 
= 4, 4 muſical mean — between the whole ſtring c 6 and 
2 = the octavo; which 4 is the length anſwering to the fifth, viz. 
4 to 6. Again, if fi 5 6, 8, IO, we take a, b, C, d, by the nature 
of theſe numbers we ſhall have, as 4 +4 : : 4 b e d, es 
a c- a d da- db: any three of theſe 4, a, by ©, d. being giwen, 
de fourth is alſo had as before. 
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- 105. From a view of theſe numbers, it appears, that a ſeries of 
numbers in harmonical proportion, are inverſely as another ſeries in 


Harmonical 10, 12, 15, 20, 30, 60. 

Arithmetical 6, 5, 4, 3, 2, 1. 

That is, as 10: 12:: 5:6, and as 12 :15::4: 5, &c. 

106. Hence, Ifa, b, c, d, En de an harmondd ſeries, and 

m =b—a, weſhall hate a = b, bags. c = * 8. 
m ” 

ab a b a b 
3 e= = p70 , &c. andthe laſt term = — 
n being the number of terms in the ſeries. ET WE WY 


7” WY I 2 
a b gives the ſeries . D Cn — . = % 


SS 
b—: . TT Þ harmonis proportion 


PROBLEM CLVI. 


To find a vulgar frattion in few figures, equal to a given decimal 
frattion q; or, (which is the ſame thing ) to find the ratio of 
the decimals denominator to its numerator in fewer figures, 

Take the following ſolution, as a general one. 
Ex. 107. Required the ratio af 1 to 3, 141 59265, (in fewer * 
being the ratio of a circle's diameter to its periphery. 

Here the neareſt ratios in the leaſt whole numbers are 1 to 4, but 


nearer as 1 to 3, which in fractions are + and +. Let b 2 * the 


n 2 the other rao, viz cc das 6 4. 


— C 


d , and ſuppoſe ß. 4d * 74 = q=314159265, whence e = TED 
bs having 3 ſubſtitute it in the ſuppoſed fraction 


— which call 


a ſecond d and for the firſt taken take ＋. and proceed on a 
. appronjmated vals ofq; and thus repeat the ope+ 
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tation with the two laſt neareſt values of q, you may come to an approx- 


mation as near q's value as you pleaſe; ſo here, c = IF 


— > 
cw & 


4—3:1415 38575 _ ty, whence, e = 3X 648 
3.1415=3- © 51415 6 | 4 c bd 1X 641 
== = nearly. Again, Let — 


A c —q& 3 — 3-I4159XL 51415 6 
9 A 3,141 59 — 22 Th ,00887 * RP 


hence LEE EC  22XIG4+3 . 355 dhe ſe | 
whence, 43777 ® * % the ren EE 


imate which call f- and 27. = © and we ſhall have e542 d 


may _ E. - 
W and — = © Then 


d 90 — 2 
— 8814 — 290 beatly, whence - CT = 1295922 
eee cb+d © — 32770 +7 
2 192928 = = 314159265, Kc. , — 
eee 


Note: The value of e is ſtill to be had only in the neareſt whole 
numbers, the ſecond and third approximations are the ratios in com- 
mon practice, viz. 3, or as 7 to aa, called Archimede's ratio, or near» 
er, as 113 to 355, called Metius's ratio; this ratio is truer than the 
common factor, 1 to 3, 1416, for 355 + 113 23,141 592. Therefore , 
in uſing this ratio, the error cannot exceed ,0000003, but 3 23, 42 
&c. ſo this ratio may err, nearly ,002, tho” it is the moſt common one 
in practice and indeed may ſerve for ordinary uſes well enough. 

Whence, as 1 to 4, or nearer, as 1 to 3, or nearer, as 7 to 22, or 
nearer as 113 to 355, or neareras 32763 to 102928, fois any circles 
diameter to its periphery, &c. for any other. 

PROBLEM CLXXIV: 
How to compute logarithms. 

108. What natural numbers do, multiplication, diviſion, involu= 
tion, and evolution, logarithms, or artificial numbers, performs by 
addition, ſubtraction, multiplication, and diviſion, i. e. 2 

109. The ſum of the log. of any two numbers, is = to the log. of 
the product of thoſe two numbers. 

116. The difference between the logarithms of any two numbers, is 
=to the log. of the quotient ofthe one number divided by the other. 

111, If you mult. the log. of any number by the index of any power, 
the product will de the log. of that number involved to that power. 

Ex. 112. If you divide the log. of any number, by the index of any 
root, the quotient will be the log. of that root. Sec ex. 72. 
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11 3. Lemma. If from each of the indefoite roots of two nu 


an unit be taken, the fum of the two remainders will be = to the pro- 
duct of the ſaid two indefinite roots minus unity; or which is the ſame, if 
from the indefinite root of any number you ſubtract 1, the double of 
the remainder will be = to the ſquare of the ſaid indefinite root leſſen- 
ed by unity, i. e. if x ++ e, be any finite numbet, and nan indefinite 


number, then we are to prove that Toe |—192is=ITe 5 


XIFe]— 1, viz. that 2: TTC —2=IF ef —1. Firſt by 
ex. 72 and 71, &c. 


5 reduced 


6 reduced 


ö 


7 


ry 


| 


21 4 + 
a 5 
a 


1 Teng + —e+ —X: 


2. 3 
n n — 


3 | 
2— 1 | 2:cee 
TOO DER n . 
1 2 
| 1: ee 
2 n * 


2 BN 
| (5 1 3 
275 Penn 2 Ze + 8 — - 1:ee+; 
2 | 
Te- i eK ee, 
n n 2 m 
] 
& - X - 6 E + - X 7 * 


2 
n 


2 


2 


61 


2 n 


2 . 
ee + 3 e ee, 


1 


1 


e e + . 
3 


Note. Log. or I. ſtands for logarithm, and logs. or 1's. for logarithms, 


Here the ſeries in the third and fourth ſteps, are exactly the ſame. 
Q. E. D. But becauſe n, by ſuppoſition is indefinitely great, it is evi- 


dent that _2 
N 


muſt be indefinitely ſmall, therefore, f- added to, or 
taken from any number, can make no ſenſible alteration in the ſad 
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number, ſo in the co-efficients = —1 — — 2, &c. this = may be 


omitted, and then the ſeries will be as in the 5th ſtep, which contract- 
ed, gives that in the 7th ſtep. - | 


114. From hence it appears that if one be taken from 1 + ee ga the 
indefinite root of 1 + e, of any number, the remainder— * 1: e—2 ed 


es- + e* +&c. would be the log. of 1 + 2, were it not inde- 
I0000 &c. 


finitely ſma l, viz. multiplied by—, but if we put Q = - 


(where 10000 &c. is ſuppoſed to conſiſt of as many places of figures 
as n doth) the ſeries will then become finite, and we ſhall have Q xc | 
:e - e +4ec3 -e +4e5 &. for the log, of 1 4e. 
115. It is further evident, that there may be as many forms of logs. 
as n can be ſuppoſed different indefinite numbers. Thus, if Q = 1, 
then n = 10000 &c, and the above ſeries will become e ©— e +xE 3 
— Kc. which is called the hyperbolical log. of 1 + e. Again, if 
n= 2,30251 &c. then Q will be = 0.434291 &c, and Q XK: e 
e ++e3— &c.is the tabular or Brigg's log. of 1 + e, but this ſe- 
ries tho” it be the moſt natural one, yet it converges ſo lowly that it 
is of little uſe in the conſtruction of logs. ſo to find a ſeries that will 


converge ſwifter, let us ſuppoſe——- to denote the number whoſe log. 


L 1 ad; 


n — 


— 1 = 


T1 l- 


is req. then by ordering I—c|h 
1— 0 * 


. I. , : * 
las you did 1 + <|* 1 viz. by tak ing the nth root of 1 ＋ , 
and ſubtracting 1 from that root, oy have Q X:e +Ze? +2e3 


+ + e* + Kc, for the log. of. , to which add T* 22e 4 


12 
- 26472360 + &c. the log. of Ie, and you hav 2Q. Xt 


e Tres ge +3e? + &c. for the log. of. X 1+e, or 


I — C 


17, and thus you have 3 different ſeries viz. one for the log. of 
I—c 


1e, one forthe log. of 


, converging faſter, and 1 for the log. 


I — C 


8 converging yet falter, 
I —C O 
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116. Ex. required the log. of any number N; firſt, let N . +e 
I - e 


and then we ſhall have e=_— , which being ſubſtituted in the laſt 
"Nai 
ſeries for e, will give the logarithm of the number N, as required. 


117. Required the log. of a fraction as A. Here, as before, we 


D 
muſt put N. . and then we'll have e = —— 4 which put in 
D 1=—e N +D 


the laſt ſeries for e, gives the anſwer, 


118, What is the hyperbolical, or Neper's log. of 2? Here N=2, 
l. eee +, therefore, e e Te T7 e745 
N＋I 241 

e Knee + ge! elt nge“ e 
o, 346573590280, which multiplied by 2 Q 2 gives o, 693 147 180560 
for Neper's log. of 2, true to the laſt figure, by theſe 11 terms of the 
ſeries only, 

119. Required the tabular or Briggs' log. of 2. Here, if inſtead of 
multiplying 0,346573590280 by 2 = 2 Q you multiply it by 
0,868588963926 = 2 Q (by 115.) you'll have the tabular log of 2; 
or, which is eaſier, Let 2Q=R=0,8685889, &c. then the foregoing 


ſo e = 


3 
ſeries becomes R x3 4 += +=; nowe being before found 
. 3 Rs: 
= 7, we ſhall have, 
Re= — rene d = +2895 296 + 
3 
R e 0,8685889 250100233 + 
SH 2} "a 
Re* 08685889 0007149 — 
5 1215 
7 
— — . = 0000568 — 
7 15309 
Re?) o, 8685889 49 + 
ö 9 177147 
Re 2 2 0,8685889 Bhi 3 
11 1948617 


Sum „ 3olozoo for the tabular log. 
1 of 2, as required. Having thus found the log. of 2, you may from it 


, 
X 

= 
5 
Us 

VB 
* 

5 
% 

* 
; 
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find the logs. of 4, 8, 16, 32, 64, &c. for twice the log. of 2 gives 
the log. of 4, (becauſe 2x 2 =4, ſee ex. 109.) to which andthe log, 
of 2 and you'll have the log. of 8, &c. and by the above ſeries you may 
find the log. of the prime numbers, 3, 7, II, 17, &c. But as we go 
to higher numbers, the ſeries convefges flower, therefore take the fol- 


lowing method for ſuch caſes. | 
E In this manner the logs. of ſmall numbers may be readily 


found. But it will be more expeditious to find the logs. of large num- 
bers, from thoſe of ſmall ones already found. Thus, ſuppoſe 


1 [a=b—1 a, b, &c. being three numbers in 
; 2 | c=b+1 arithmerical. progreſſion whoſe com · 
t X 2 3 | ac=bb— 1 mon difference is unity. 
3+1 4|ac+1=bb 
FESTY 05 bo 4h 
ac a C N 
put 6 | ac+1=N,andac =D, then * <1. _D 
| a C D 
by ex. 117 | 7 ge., perlaſt ſtep 
N+4+D 24 C-þ1 : 
3 
hence 2 | bg SE, a Re + &e. which 
a c 3 ſeries call 8. 
then per 5 92 log. blog. a — log. c=S, viz. log. CHIEN : 
ac 
2 16 | log. a + 2 log. c + S8 log. b, 3 
gth ſtep 112 log b— log. c fg log. a. Hence, if any tv 
we get, | of theſe 3 logs. be given, the third may be found. 


Ex. 121. Required the tabular legarithm of 7, having found the log, 
of 2 and 3, as directed in ex. 119, you may from them have the logs. 
of 8 and 9, viz. 3 times log. of 2 log. of 8, and twice log. of 4 = 
log. of 9, and per 11th ſtep, log. of 7 = 2 log. 8 —log. 9 —S, (a 
being =7, b=8$8 and c =9) now to find 8, we have per ſtep 7, e = 


. ſo S Re Re” 4 : +, &c, =log. — 
zac 127 3 5 ae 
log. £4, whence, by reſolving the ſeries, we ſhall have 

| Re= 2868585963 


127 

Re3 — 8685889063 110 
3 5145149 
33 868 588963 


$ 165191847035 


= „006839283 


= ,000000000 


here S, or ſum = 006839424 = tabular log, 
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of £4. Whence 2 log. 8 —log. 9 — S= 0,845098040, _ tabular 
log. of 7, true to the laſt hgure, and only 3 terms of the ſeries uſed, 
and alſo turns out the tabular log. of the fraction $+ or g, and if we 
have greater numbers fewer terms will do; thus, if the logs. of 2, 3 
and 5 be known, then thoſe of 48 and 5omay be known, from whence 
the log. of 7 (= log. 49) may be alſo found, for let a = 48, b= 49 


| &c. = 50, then e , and Re — — = | 
we zac 4801 4801 8 
_ ,0001809 &c. 8, then per ſtep 10, we have log. 48 + log. 50 : | 
| 2 


= log. 49, or log. 48 + log. 50+ = »,845098040 = log. 7 as be- 


4 
fore, and takes in only the ſirſt term of the ſeries, which would hold 
true to a place or two more if continued, and greater the numbers are, 
the log by only the firſt term of the ſeries will (till be truer to more 
places of figures, by which a table of logarithms may * be made, 
or examincd. 


1 


PROBLEM CLV. 


Given any hyperbolical logarithm L, to find its natural number 
| Ie. 


122. If you revert the ſeries found in ex 1 14, you'll have the re- 


quired value of 1 + e. Otherwiſe, ſince we have 1 + en n-TI=zL 
and as n may be = any indefinite number, we may take r: 


L — 
I+eſr—rdfor I+eP—1 
That is — 

I r rr 


— 1 


14 T | 2 i $eſr=1 + 


2 G. r | 3|1+e=1+= EI EE 


. 1. 


— . — 


2 rr py 


+ &c, 


3 reduced | 4 Tes iTLT ETH 
2, 3 27374 
OE 's 


2,55 4,5 
Here (as in ex. 113) r being ſuppoſed indefinitely great, the numbers 
— I, — 2, — 3, &c. in ſtep 3, are left out in the 4th ſtep, which gives 
the anſwer, 


3 rre 


+ &e, 
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PROBLEM CLXXVI. 
Reverſim M infinite ſeries. 
122. Before we do this it will be needful to know how to put, or 
m m-+1I m-+-2N 
raiſe an univerſal inſinite ſeries, hz +bhz + ch 2 


m + 3n m 


4dhz + &c. =hz X:1+bzn cz dz 


+ &c, to an inſinite power whoſe index is v, or to find the value o 


v 

h 2 [X:1+bzn4cz*2+d 2 3% + &c. in fimple terms. To 

make this plain let us putp = 1 +bz" + cz*n + dz®* pezing 
1 ©: 

fz 5 ＋ &c, then neglectingh 2 till afterwards, and working as 


1 | 
per ex. 69, we'll have 1 +p| =1+Ap +Bpp+Cppp+Dp4 
+ &c, whence | | 
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o giObS— , 2011 ＋ g,251—,,z:XTE nm ane 10 $2119] ponnber arp *52 ,,22E:0þS—:,,2011:2E-- 
e,2$1:TE—,,ZTE= og gz, ohr -O H- + :,,706 + OTXTE: +: £251:X:0Em,,27E awonaq im 1 
T 
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u u A 
uV TA 24d $9418, Zau £q paydiypw pur aatpaBos DNο,νοQ Z jo 8Wany dj] om Mont 'VE 


*2yinb 200 3r *qeoadde fl. no nonenunuo? 30 Me ↄtn de pur q IHN ie anok 
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WW +esZsqQA + | 42 

9 TAD + v4249 a + dd 

d uu z AO + ug2929nkt + uy 29. O uf Z g n+ dd do 

„ zpods Tus 299 17 Fuzpqget eu yz 20 g egz f N uz. q f | =ddg 


Tes Z3YTu4Z2y TugzpyFregzoyTuzqyFI=dyTI 


* 
here 
will 


= o, the ſum of the terms, w 
of that variable quantity is involved, 


ers of a variable quantity be 


one and the ſame power 


0 be = o, 


126. Lemma. If the ſum of a ſeries of terms conſiſting ofthe 


pow 
an 
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Tk] | pri per teten 
then 1-2" - a +b+&c. o, Ergo, a þ+b = 0, | 


1-2" | 2 0+0+c+d+&. = — =0,whence ed 


« 1 
12271 | 4]o,+e+f+g=2=0,f, e+f+g=0, 


Zr 
conſequen. 5 | a+b=0, c+d=0, e+f+g=0, &c. 


127. Therefore, if a ſum of a ſeries of terms conſiſting of the ſeveral 
powers of a variable quantity be g o, there mult be at leaſt two terms 
wherein each of the {aid powers are involved. Otherwiſe, che values 
of the co-efficients in ſuch an aſſum' d ſeries cannot be determin'd, now 


to do this univerſally. 

128. Let it be required to revert the univerſal infinite ſeries, e 
mn man mn mT4Nn 

+ be +ce +de +Ee +fe 


m—+5n 
＋&c. , ot which is the ſame thing, to put 2 into ſuch a 
ſcries, as may expreſs the value of e, to effect which, aſſume the inſt» 
- 1 4-n I+2n I+3n 
nite ſeries 2 1 +Bz q_+ Co TDZ a T &c, 


e, then by what is ſaid in ex. 122, we'll have, 


1--n 1-2n 1+3n 
1. em Zz -mBz W + mCz W +mDz * + 
m— 1 I--2n m — 1 I +30 m— 1 
* r ＋ m 2 BC ——+ 2 EY 
m 2 1＋2n 
3 . 
mn in I+2n 
2. be bz +m TnBb z TE m T 
1+3n m+n-1 IT3n 
Chr X<=* +mTea - 2 The +I 
m + an 1＋2n i+3n 
3. e e 2 2 tm+2aBcz —- + te. 


m ＋ zu IT zu | I Tzu 
4. de =dz "ut &c, breaking the ſeries off ——_— 
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EY = 4 mn man 
Here its plain, if theſe values of e ®, be ce &c. be 
ſubſtituted in the aſſum'd ſeries, it will expreſs the value of e, but then 
the co-efhcients B, C, D, &c. art not known, ſo to find them we have, 


firſt, thoſe of z * 2 


III 


, are, b and m B, ſo (per lemma) b＋ m B—o, 


b IF 2n 
whence, B= — ir Secondly, thoſe of z , are, c+mC+ 


m , B + m+nBb, which (per ſaid lemma) are So, whence 


r , (br B=—-andB*= — as juſt 
2 m m m mm 


now found). Thirdly, the ſum of the co-efficients of 2 


e 
BC =＋ m 1 : 


2 2 3 


2 WV , 
TT B b +m=T2nBc, which alſo, are = o (per 
2 


lemma) now by reduction and ſubſtituting the values of B and C, as 


above found, we have D z 9m gn* + 2m n 1:—h3 
3, — 
6 m * 


+ :1+3n+m:bc _—— now ſubſtituting theſe values of B, C, D, 
m 2 


mT 


d+mD+m „BS +, m+nCb 


ae 
b z 1 a 


x 
in the aſſum'd ſeries, it will become e=z ® — 
; 1 


+ 


ie 


:m+1+2n:bi:—2mc_1+2n m' + mn +gn* + 3m 
2 m m LI 6 m 3 


+6n+1:—b3,:1+3n+m:bc d ,1+3n 


5 m m III m 


theorem whereby a ſeries repreſenting the value of e in any particular 


caſe may be readily found. Thus, Ex. 129. required the value of e 
ine be ce de! + Kc. z. Here em =e, . e, 
bz i = n 


— . ů 


ſo m=1, and n 1; therefore, e 2 m m Kc. = 2 


. A general 


bz +:2b*—c:25 +:5bc—5b3 -d: 2 &c. 
130. Required the value of e, in e - be - ce -= de — &, 


ts, ſo m , and n g 2, b, c, d, &c. 


bz 1 n 


1 — — — 


each negative. Therefore, e: —m n Kc. 22 b 23 
g&:3b*+c:zi+:8bcxti2b3+d:2z' &c. 


= Z, here em e, e 
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130. Required the value of e, in e - be ce _de? — &. 
m 


z. Here, e ge, e 88 =e3ſom=1andn= 2, b, c, d, &c. 
: 1 +n 
41 b 

each negative ; therefore, e f ® Kc. =z+bz3 +:3b* 


+c:25+:8bc + 12b3 + d: z) &c. 
131. 8 ted 4 +be#*+ce*+de*®+&. z. 


x 
Here, eue e . ſom= 2 and n=2, whence ez 

i+n 
b 2 Kc. 22-4 bz 7 * + 


——— m 


m 
. Si 

4 16 
132. Required e, in Y e + be? cet + de" Kc. = E. 


E | age 5 
Here, em => e ze! whence m g and ng, foe=2z* — 


2bz ＋ : 1b - 2c: 2 +: 48 be - 200 bI—2d: 2 &. 

133. Let it be required the ſquare (e) root out of this equation, 
36e - Ge 8e - 13e &c. 2 15 y. 

Note. When the ſirſt or leaſt term has a coefficient, it is beſt to di- 
yide the whole equation by it. 

So this equation divided in this manner is e — za e fe- Ae“ 
+ &c. = 5 =Z whence, b=—2, , d=— A, now by ſub» 
ſtituting theſe values of b, c, and d, in ex. 129, (becauſe the powers 
of e there and here are alike) it will become e = 2 — 22 ＋ * 
 +#I2#* &c, 

134. If (in Ex. 128.) z were = another univerſal infinite ſeries, 


Nr ET. Rss, T, c. 

being known coefficients, and it were required to find e in terms of v, 

it is evident, the laſt genetal theorem will anſwer this end, by ſubſti- 

tuting this ſeries in it, for 2 and the powers of 2, i. e. raiſing the ſaid 
1 1 n 

ſeries, to the powers of — 
m 


z KC, 
m 


135. If you would have more terms in value of e, than what is in 
theſe examples, it will be eaſ in molt numerical caſes, from theſe four 
terms to give the law of continuation, but if in any caſe they do nor, 
you may either continue the general theorem further by takingin terms 


beyond 2 1 before you break off, or you may from what is here 
III 


done, calily revert any particular . by itſelf. See the following ex. 
| p p 


# 

4 
, 
1 
1 

3 
L. 


— 
— — — 


— - — ved 
— — W — 2 _ 


—_ 


. 
— Tn 2 > > P ——W yy — — — 
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136. Required e in e —be? + cef — de? oe? — &c. z. 
Here, as in ex. 130, mg 1, andn—=2, but every ſecond coefficient 
negative, whence, (per 128, general theorem,) e=z + bz 3 
+:3b*zi—cz*': + :12b3i+d—8bc: z &c. here, if we 
—1 — n 1 

2, 3, 4. 5 10 2, 3,4, 5.6% 
5 7 

« we'll have e =-z + 4 3 


BY = 8 e 


5040, 273 


5040 
5 
8 + — 5 + &c, where it plainly appears that if we take A , 
B = A, C= E B, D= 

* 2 5 — 4 , — 
CID Eri Fr &c. every of theſe denominators in- 


=, &c, we'll have e ATB 


wedkng 2, which evidently ſhews the law of continuation, 


137. Now if we take Z =F=0,5=A, then will B A, C T B. 


22 , 50000000 = A 
B = ,0625 2083334 =FB 
C=,01171875 234375 =+ C 
D= ,00244141 34877 =4D 
p E = ,0005 3406 5934 =ZE 
F = ,00012016 1093 = x+ 


G 00002754 212 =x7 G 
H= ,00000639 
I = ,000001 49 


which collected gives, "fm = : - 5523 59877 = e, " and by 
taking in more terms you may get e to what exactneſs, or places o t 
figures you pleaſe. | 
138. If the radius of a circle be 1, the Con of zo will be + or 0,5, 
5235987), will be the length of the arch 209, which 
multiplied by 6 (becauſe 30? is & of the * periphery) gives 3,141 59262, 
true to the laſt figure, which ſhould be 5, inſtead of 2, for the pert- 
phery of a circle whoſe diameter or 1, or of that half circle whole ra- 
dias is 1. See art. 173. 


ww 


139. When an equation is given in two variable or unknown quan- 
tities, e, and y, to find (y) one of them in terms of (e) the other, and 
can be done no other way, we muſt haverecourle to infinite ſeries, now 
to find the indices of ſuch an aſſum'd ſeries as will beſt anſwer this end. 
viz, to make the found ſeries converge the faſteſt &c, taketheſe rules. 


140. Rule 1. Make the given equation = o, then for y in the ſaid 
equation ſubſtitute A e n, if fluctional letters be the fame in every term. 
they may be rejected as conſtant ones. 

141. Rule 2. In this new equation make two of the leaſt indices of 
e, which have contrary figns = each other, when e is {mall in reſpect 
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of a, otherwiſe the two greateſt powers of e with contrary ſigns muſt 1 


be made = each other, by which we find n, the index of the firſt term 
of the required ſeries, 

142. By making the co-efficients=0o, of thoſe terms whole indexes" 
were made S each other, we'll have the value of A, the co-cflicient of 
the firlt term of the required ſeries. ; 

143. Write the value of n found as above, in each of the indices of 
e, and ſet down the difference, that there is between one of the equal 
ones above-named, and every one of the different indexes of e, which 
call a ſeries of differences. | 

143. To this ſeries of differences ſet down all the leaſt different num- 
bers, that can be made, by doubling, trebling, adding together &c. the 
terms of the {aid ſeries, with thoſe that ſhall be thus produced, till you 
have thereby got as many different terms, as you deſign the required 
ſeries to conſiſt of. 

145. Rule 6. Add each of theſe terms to the value of n, if the leaſt 
indices were made equal, otherwiſe they muit be taken from the ſame, 
and the fum or difference, are the indexes of the terms of the required 


ſeries. 


146. If A, have two or more equal values (per 142) the ſeries of 
differences found per 143, maſt be divided by the number of thoſe 
equal values before they are added to, or taken from the value of n. 
A have another poſſible value beſides theſe equal ones this other 
value is uſed, and theſe equal ones not regarded. | 

147. If in the given equation after the ſubſtitution of A en for y. 
there be any term that hath no power of e in it, then the index of e iu 
ſuch a term is always = o. | 


But if 


\ 
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148. It there be any fraction, or ſurd in the given equation, it muſt 
be cleared thereof by diviſion, or involution & c. if it can, if not, it 
muſt be cleared, by putting that part where the ſurd &c. is into a 
ſeries. 

149. The value, or values of A, found by (142), Rule 3. or by the 
comparing of like terms as by Art, 126, are the ſame, ſo having found 
A, as per art. 142, you may either uſe this found value, or A it's ſelf 
in the aſſum d ſeries, for if Ae = the firſt term of any ſeries, and 8 
=the reſt, i. e. if Ae" + sg y in any equation, then becauſe the 
firſt term of any ſeries is either the greatelt, or the leaſt of all the terms, 
conſequently the terms in that equation, which have the leaſt, or great- 
eſt indices of e, may be made = per 126, for if the ſum of a ſeries 
be ſuppoſed = o, the co-efficients are tobe ſuch as will actually make 
that ſeries = o. 

150. Example. Given ae ae =a3y—+y?, viz. a Fe + 
ac*i—a3y—y*—o,to find y in terms of e, in a ſeries converging 
faſter as e is greater, or which is the ſame, as is ſuppoſed to be ſmall 
in reſpect of c. | * 

By putting Ae® =y, we'll have © Aena; — A“ eln + ae. 
a e =o, per rule 1, whence the indices of e are n, 4", 1 and 3, the 
two greateſt of which with contrary ſigns (per rule 2,) are 3 and 4n, 


ſo n = }, and their co- efficients are A“ and a, ſo (per 142) A = T 
and theſe indices of e will be 4, 3, 3 and 1, (per 143) each of which 
differs from (3 or 4 ®) one of the above equal ones by 0,2, 24, the 
ſenes of difference (per 143) now, let the required aſſum'd ſeries con- 
fiſt of 5026 terms, then the leaſt different numbers that can be pro- 
duced by doubling &c. and adding together of 0,2, 24 will be 0,2, 25 
47, 41 &c. Then (per rules 2 and 6,) each of theſe taken from 
(n=) + leaves 4, — $5, — , — 4, — 4 &c. the indices ſought ; 


whence, the aſſum'd ſeries is Ae 4 + Be I + Ce be 1 

4 Be.- 1 Kc. = y, which being put in the given equation for y it 

will become | 

A*c3+4A3Bc+4A3CH+443DET AAS TIA rer 7 

—ae - abe +6A*Bc”” +1 2A*BCe GAC 8 f 
4a3Aet +a®Be 142 ce ®j 9 


Now. (per art. 126 and 127) by making theſe terms equal o, that 


have the ſame power of e in them, as they here ſtand one below ano- 
x0 
ther, we'll have Ar a 4 (as found before) B A a „ CS -a 


Py * 
MTS WW. 5 a v4. 2 Se x, 
= 4 Y » 1 # * 1 % S n 
* N * Rs ot #2 LANG 2» e 
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2 I 
D = —3 a 4, E =ja 2 F=—xza 'S, &c. whence, y ea 


3 ae 8. - 
Ter 4cf 7e © $0%$— 220% 
151. Required the value of y, maay +y*—e3 =o, e being 
ſmall in reſpect of a, here, by putting A en for y, we have a a Ae 
Asen -e o, and (per rule 2) the indices of e are n, 30 and 3, 
the two leaſt of which with contrary ſigus are n and 3, whence, n=3, 


and A 2 87 (per art. 142) and the indices of e, in numbers are 


3, 9 and 3, each differing from n 3 (143) by 0,6, for the ſeries of 
differences, then by doubling, trebling &c. and adding together of 0,6, 
we get 0,6, 12, 18, &c. (per rule 6) each of which added to n = 3, 
gives 3, 9, 15, 21, &c. for the indices of the required aſſum'd (uni- 


verſal infinite) ſeries (A en + Be TY 4Ce 3 De -©* m 


+ &c.) whence | 
y= Ae? +Be? +Ce** + De** + Ce?? + &c, Then will 
y Ae +3A*Be5+3A Ce*t+3 ADC +3 A BY ef? 
(+ 6ABCEe?7 +B3e*?7 &c. 
aay=aaAc+aaBe*+aaCe*+aaDe** +aaEke*? &c. 
y -e Le Ae r3 Al Bes zA! Ce +3 AB e** 
(+3 A*De” GABCe +B3 e c. 
Now by equating the like terms, &c, (as per 126) we ſhall have 


ache p — 25 
aa « 


= 776, &c. 


ry 21 
e L 
aq 1 a 436 
152. Given as y — 4a* e y* ＋ S ae y- 26 — e y - 
So, to find y, when e is ſmall in reſpect of a. Here by putting 
1 52 As 


n . 9 
Ae =y we bavea Ae —4a A e 
6 
—2C —A e IN ES wo now by making any two of 
the leaſt indices with contrary ſigns (Zu, — an ＋ 2, 144. — 6) 
equal each other, (becauſe no ſuch two of theſe can be leſs than the 
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reſt and yet equal each other) we have n = 2, and the coefficients be- 

longing them are A3 a —4A* a* +5 Aa—2=0(per146;) which 
being diviſible by Aa— 1, and the quotient again by A a — 1, the 
laſt quotient is Aa — 2; whence, A has two equal values, each 


T, and one poſſible odd value —, ſo the equal ones are notregard- 
a a 


ed, whence our indices will be 2, 5,8, 11; fo.y = 2,©_ (or A) 
2 

Be Ces Dell Ee &c. which being involved, &c, 

as in the two laſt examples, we ſhall have y = 24 = _ 


nt a * 
z2e* 4 34X32c , 24x64c%.. 
a7 89 a 3 


153. If in any ſuch equations e ſhould differ but little from a, (or 
the equation be of the logarithmetical kind, where it is ſometimes im- 
poſſible without a different ſubflitution) it will be beſt to work as fol- 
lows. 

154. Given y Ta ay - e S o, to ſind y; e being ſuppoſed 


| 3 
nearly a, or qa - z e. Then es = 7 7 2222 


| 27 3 
222, whence, y* Laa y e Y a ay 8 a 3 ELLE 
27 


2a zz +27, and putting A zu = y, the indices will be, 3 n, n, 
o, 1, 2, 3, the two leaſt of which with contrary figns (becauſe e is 
leis than a) are n and o, viz. no, and becauſe no, 3 n is alſo 
= ©, and the co-efficients belonging them are A? ＋ Aaa 27 = o, 


from which the value of A, may be had by ſolving an adfected equa- 
tion (ſee ex. 83) &c. as before, you'llhave B= —— - _ 
34a +9 A' 


2a — AB ,_—B3—1 8 
a T 312 , "TY Ak the aſſumed feries being A A5 Z 


155. He be greater than a, or 4 a —z =e, then by writing A zu 
for y, our given equation y3 +a* y — e* S0 will become A z3" 
+aaA 2n — 27 a 5 +27 * 9422 ＋2 So, the two great - 

| 2 5 * 
eſt of theſe indices with contrary figns (becauſe e is greater than a), 
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are 3 n and 2, ſon = 4, their co-efficients are A 3 — Tg- ſo A = 


x 
3 


9 | „and theſe indices in numbers will be 2, 2, o, 1, 2, 3, each of 
2 


which differs from n, or 2 by o, +, 1 J, 24, oro, 4, 4, 4, the fenes 
of differences, which by doubling &c. gives, o, 4, 4, 4, $, J, eachof 
theſe taken from n, 4, leaves, 4, 4, o, — 4, — 4, — 4, — 4, ſo y 


2 4 Fl 1 3 
AZ LBZ ＋Cz , viz. +C+DZz 33 +Ez T + &e. 
for the aſſum'd ſeries. 


ie u . . . . . ied M K- K . . -. K. th en nn 
PROBLEM CLXXVIII. 


CoNTAININ , The principals of Geometry, or chief 
theorems in Euclid compendiauſiy demonſtrated. 


Before you enter upon the following theorems, make your ſelf maſ- 
ter of what is contained in prob. 120. 


156. If two right linesC G and DE (Fig. 139,) any way croſs each 
other, they will make four angles, the oppoſite of which are equal, viz.” 
LEBC=LGBD, and LEBG=L CBD, this is ſo plain it needs 
no demonſtration. Theo. 1. 

157. If a line CG, be cut by two or more parallel lines D E, and 
AC, it will make equal angles with all theſe parallel lines, viz. L A 
= La, and L C= Lc, &c. this is plain per figure, Theo. 2. : 


158. If a line B G meet another line DE ia any point B, it will 


make two angles therewith whoſe ſum is 180?, for (hg. 130) upon 
B {weep the ſemicircle, ſo are the arches G D and E F G, the mea- 


ſures of the angles G B D and G B E, which two arches are per fig. 
180 or a half circle. Theo. 3. 

159. the ſum of three angles of any plane triangle are equal to 180? 
(fig. 130) for, thro' any angular point B, draw a line D E parallel to 
the oppoſite fide A C, and produce the other two ſides A B and C B, 
then per theorem 1. angle b = L B, and by theo, 2. La=L A, and 
Lc=LC, which three angles a, b, and c, are manifeſtly = a ſemi- 
circle, or 1809, i. e. a+ bc =1809 = A +B+C. Theo. 4. 

168. If any fide C A of a triangle A B C, be produced, the out- 
ward angle B A TI is equal to the ſum of the two inward oppoſite Ls 
B and C (fig. 130) for by theorem 3. 1809 — BA C=LB +LC, 
boulequently, LBAISLB+LC. Theo. 5. 


/ 
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161. In a circle LO BF (fig. 48) any angle O I F at the center I, 
is double of the angle O B F atithe circumference, when the ſame arch 
OLF, or ſame chord FO is the baſe of the angles. For by theo. 5, 
LLIF=LIBF + LFFB, but I B=IF (being ſemi-diameters) 
ſo their oppoſite angles I BF and IF B are equal, whence, L LIF 
 =2LIBF=2LIFB in like manner it will be prov'd that L L1IO - 
2L1B O, conſequently, IOI F =2LOBF., Theo. 6. 


This way of reaſoning holds true, let the point B be where it will in 
the arch O B F, which ſhews that all angles are equal which are inthe 
ſame ſegment of a circlei.e. LBOF=LBLF &c, Theo. 7. 

Becauſe the diameter of a circle ſubtends 180, viz, half the peri- 
phery, its evident by theorem 6, that an angle CF D (fig. 41) ina 
ſemi-circle is a right angle, Theorem 8. 


From whence it follows, that an angle in a ſegment O B QF (fig, 
48) greater than a half circle is acute, and an angle BQ F ina ſegment 
leſs than a ſemi-circle is obtuſe, conſequently, if any trapezia B FO 
be inſcribed in a circle, the ſum of any two oppoſite angles B Q F + 
B O F, or OFQ + OBQ,, is =to 1809, and therefore theſe ſorts 
of trapezia's can only be inſcrib d in circles. 

162. If any two figures are alike, their like ſides are proportional, 
that is, thoſe ſides which ſubtend the equal angles, as alfo thoſe ſides 
which are about the equal angles, are proportional, and conſequently 
if any two or more figures have all their ſides proportional, their angles 
are equal. Theorem 9g. 


For ſuppoſe the ſides A B and A C (fig. 36) of a triangle A E B, to 
be produc'd by the motion of the {ide or line E B, parallel to itſelf, and 
in it's motion to increaſe in length, ſo that the points E and B may al. 
ways be found in the produced ſides A E and A B, then it's evident 
that when E B becomes C D, that A E will become A D, and AB 
will be A C, i. e. as EB: DC:: AE: AD, and: : AB: A C, i 
we make CF E g̃ and join E F, then by the above ſaid motion EB, 
has increaſed or gained in length, DF, and A E has gained E D, allo 
A B, has gained B C, i. e. as A E: AB:: ED: BC=E F and ſo on. 
for other like figures, which are but ſome number of triangles put to- 
gether, for all plane figures may be ſuppoſed tobe made up of triangles 
and therefore what holds in ſimilar triangles, muſt alſo hold in all fini 
lar planes; that the triangles A E Band A CD are ſimilar, it's plain 
for E F being parallel to AC, the LFED=LEA B, (per theo. 2) 
asalſo LEFD=LACD, becauſe CF is parallel to E B, and the 
L D, is common to both triangles, in like manner it may be prove 
that all the 3 triangles, A E B, ADC, and E D F, are alike ; ther 
are other ways of demonſtrating this famous theorem, whole uſes at 
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ſo many, that few problems can be ſolved, or theorems demonſtrated 
without it; as appears by what follows. | | 

163. If two right lines F E and G I, croſs each other within a Cir- 
cle they will form two fimilar triangles y EI and y G F. Fig. 131. 

For by theorem . Lyl E = Ly F G, becaule they both ſtand on 
the ſame chord E G, and for the ſame reaſon, Ly EIL GF, io 
by the laſt theorem, it will be as y I: E F: y G. Ergo, y F 
xyE=yIxyG. Theo, 10. | 

164. If two right lines A G and A F, meet each other without a 
circle, (the other ends termirating in the peiiphery) the angles AIG 
and A E F, will be ſimilar, for theorem 7. LAFE=LAGHI, and 
L A common, ſo it will be as AG: AF:: AI: AE. Ergo, AG 
Xx AES AFX AI. Theo. 11. | 

165. If a triangle G I F, inſcribed in a circle have one of its angles 
G i F biſected, with the line 1 D, which produced meets the circle in 
e, there will be two fimilar triangles I G e and IF P, for by hypotheſis, 
LDIF=LDIG, and by theo. 7, LIF DS IeG, both ſtand- 
ing on the ſame chord 1 G (fig. 131) ard thereforeas Il D+ De (le) 
216 ::IF: 1D, ergo, DID + De xI D=IG+HTF, but by 
theo. 10, FDxXDG=De+ID, whence ID +FDXDG 
 =1G x IP, or by tranpoſition, GID=IGxXIF—FDxDG. 
Thcorem 12. | 
If we ſuppoſe the triangle GIF to be iſoſceles, viz. I FIG, then 

its manifelt the biſecting hne I D, will alſo biſect the baſe G F and be 

a perpendicular thereunto, i. e. DIF and DIG, will be two equal 
right angled triangles, and then the laſt theorem will become (7 i D 
=QOtI—QFfD,or = GI-GD. Theo. 13, which is the fa - 
mous theorem in 47, E. 1, of ſo much ſervice in all parts of mathema- 
tics and in words is, thus; In any right angled plane triangle, the 
ſquare of the 11vpothenuſe is equal to the ſum of the ſquares of the twa 
I-zs. Nowif (in fig. 40) we put u g DE, g D C, p=DF, a = 
EF and e C, b= the hypothenuſe CE = a + e, we may prove 
this theorem another way; Thus, the As CD E, CD F, and EDF, 
are all ſimilar. for (by problem 129) LC F D 90? LF CDR 
C F, and LC E 9929 LFCD=LCED, whence LCD F= 
Cb. in like manner it is proved that LFDE = LF CD, the 3 
angles C DE, CFD, and EF P, being each = 900, | 


Q 


I 
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a: pr: pe, ſo, ae pp, whencey/ae=p, Theo, 14 
bꝛ e 1202. Ergo, cc S eb =e xe ae ee 
b:u: : u: a. Ergo, uu S ab =axa+e aa Tae 


cc+uu=aa+2ac+ce =a+e|*=bb QE,D, 
CC;uu :; ae Tee: aa 4e: : c: a, Theo. 15 


, Aaa-Taae 
a-+e(b):aa+ae (uu) ;:a; 2 


= da, Theo. 16 


166. (Fig. 131) If e I be the diameter of a circle, and n I a per- 
pendicular in the triangle I G F, then the As Ie F, and I Gn are a- 
like, for (by theorem 7) LI eF=LIGF, and by ſuppoſition G 


In G 900 and (by theo. 8 LIF e 2907, ſo it will be (by theo. 9) | 


en: IG: : IF: le. Theo. 17. 

167. (Fig. 131) If any trapezia, IG e F, be inſcribed in a circle, 
and the diagonals Ie and F G be drawn, and L G In be made — L 
e I F, the triangles Ae F and I Gn will be ſimilar, for LniF—L 
G le by the figure, and (Ie Fg In, by theo. 7, as allo, LIFn 
=L1e G, whence the triangles I Fn and IeG are alſo alike, So 


f per theorem 9, 
I 

| 2 
C213 
viz. 4 


le: e F:: 18: Gn, and as IF: Fn: : el: eG 
Je & Gn Sge FFXI G, and le x Fn Se GIF 
le &: Gn Fn: ge GXxIFTe FIJI 
IexGF=eG xIF+eFxIG, for Fn4+Gn=GF, per ſig. 


Theorem 18. This is called Ptolemy's theorem, ſaid to be found 
If any two ſides of the aboveſaid trapezia be parallel, ſup- 

ſe e F, to I G, then the other two ſides e G and F I will be equal 
as will alſo the diagonals, viz. F GS el, and then the laſt theorem 
will become le Le Ge F XxIG, or Ie - Ge Se 
16. Theo. 19. 

168. (Fig. 67) If any point C be taken in a right line A B, and it 
be made as AC - BC: BC: : AC: CO, and with the radius CO 
a circle be deſcribed upon O, and lines drawn from A and B to any 
point Pin the periphery, it will be as BC: AC:: BP: AP. For 


by him. 


Since 


S 


& wwe 92 


AC - BC: BC: : AC: C O, ergo, BC XI AC 
Sen: 40K. 

: AC + CO: x CS CO xv AC=AO KBC, per fig, 
CO; A0; : BC; AC, but per fig. CO-BO=BC, 
and AO - CO Sg Acc. 

CO: 40 :: C0306: 40. Co. 

CO: AO:; BO: CO, or PO: BO: : AO: 
PO, :: AP: B;. 


BC: AG:;BP;AP,Q, E, D. Theo, 20. 
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169. In theſe theorems, when I have found any two angles of one 
triangle reſpectively equal to two angles in any other A, I fay theſe 
two triangles are ſimilar orequiangular which is evident from theorem 
4, and becauſe the ſides oppoſite to ſuch equal angles are proportional 
(by theo, 9) it is manifeſt that in all As, equal ſides ſubtends equal 
Ls, the greateſt ſide ſubtends the greateſt L, the leaſt ide, the leaſt L 
and contrary. Theo. 21. ; N 
170. In any rectangle (A B C D), fig. 132, it's area is had by tak- 
ing the product of the length and breadth, viz. A B * 9 G area [J 
AB CD, this will appear if you number the little parallelograms in 
the figure for you'll find their number equal 66=A BI X BC 6, 
Theo. 22. | 28 
If DE C F, then becauſe A D and B C, às alſo A B and DC, are 
parallel, the ſides and angles (by theo. 21 and 22) in the As ADE 
and B C F, are reſpectively equal, conſequently their areas will be 
equal. Hence, if from the end B C of the (] ABCD, ve take A 
BCF (SAA E D) and add it to the end A D thereof, it's plain the 
AB C D and AEF Bare equal, whence ABX AD S area of 
the rhomboides A EF B. Theo. 23. By the ſame way of reaſons 


Es ABxBC * 
ing it will appear that . —— area triangle AFB, 
5 ; 


n n 


e 83 


Theorem 24. 
Whence if d = the diagonal of any trapezia, e and n two A, falls 


ing thereon, then half d e = area one of the As, and half d n = area 
of the other A, ſo halſ d e + half d Nee * 1 x d 
2 


2 


ol 
14 
8 
J $ 
4 
% 
5 
; 
* 
8 
4 
. 


= area trapezia, Theo. 25, 

But it a trapezia EA e F, have two parallel ſides e A and E F, then 
half ADI DE (EKF DF) SAA D E, and A D ͤT DF SNA 
ADF e, and the ſum of theſe two is, half A DNA: EF - DF: + 


ADXDF=— NEU = area of the trapezia 


EAeF. Theo. 26. 
If S = the ſide of any regular polygon, R = the tadius of its in« 
{cribed circle, and n = the number of its ſides, then half RS = the 


area of one of the triangles of which the polygon is compoſed, which 


triangles being all equal, we have RSn it's area. Theo. 27. 


2 
If the ſides be infinitely ſmall ſo as to lie inthe periphery of a cit- 
cle, then R will be the radius of that circle, ang 8 being infinitely ſmall 
may be rejected, then will n = the periphery of the ſaid circle, whencs 
the laſt theo. will become half Rn S a circles area. Theo. 28. 


f 
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If inſtead of taking n equal the whole periphery, we take it = any 
part thereof, we'll have half Rn = area of a ſector, whoſe arch is n, 


and radius R, Theo, 29. 


171. From theo. 21, it is evident that any patallelogram G Hm Q_ 


is divided into two equal parts or triangles H G m and Q G m, by a 
diagonal m G, as allo are the Us SG TR and LRy m, by the 

diagonals G K and R m, whence, it is manifeſt, that from the HA 
G Hm you take As LmR=Lm y, there will leave QS GQ 
GIL H, from each of which, take away the = ASG TR 
and G SR, and there leaves U TRy Q=C)SRLH, &c. Theo. 
30. Fig. 133. 

If I B be parallel to A D, (fig. 133) and IC=BD=p, be Lto 
them, and a =AC,e= CD, then half pa =A AIC, and half p 
*X:a+c: = A ABD, the former taken from the latter leaves + 
pe=AABD—AABQC, which ſhews that triangle ABC is 
half a p AI C, conſequently, all triangles (and aifo [Q, they 
being the halves of As) which ſtand on the ſame baſe or fide and have 
the fame height, are equal. Theo. 31. | 

From this laſt method of reaſoning it appears, that there is no dif- 
ference whether a and e, be taken as lines or as areas, whence it fol- 
lows that all priſms and cylinders, or all pyramids and cones, which 
ſtand upon the ſame or equal baſe A C, and between the ſame parallel 
planes I Band A D, are equal, viz. fold AIC = ſolid ABC (ig, 
133) Theo. 32. 

172. If B and b, be the baſes, P and p the perpendiculars, A and 
a the areas of two triangles, then by theo. 24, half PB= A and half 
pb S a, ſoit will be as PB: pb:: A: a, (for the 3 being conſtant 
may be rejected) See prob. 173. If A = a, then PB =pb, whence 


as B: b:: p: P, if P p, then A= or Ab=a B, whence as 


A: B:: a: b. If B b, then Ap=aP, whenceas A: a:: P: p, 
i. e all As, or all Lg, are in proportion as the products of their baſes 
and heights, and if the areas are equal, the baſes and heights, are in- 
verſely proportional, but if the baſes or heights are equal, then the 
areas are as the heights or baſes. Theo. 33. 

The very ſame things hald in priſms or cylinders, cones or pyra- 
mids, by looking upon B and b, as the areas of their baſes. Theo. 34. 

If theſe figures are ſimilar, viz, their ſides & c. proportional, thus, 


if it be as B: P:: b: "> =p,thena=pb= =, ſo as BP: A:: 


4. Ergo, 5 , that's aBBP=APbb, oraBB 
B - 


SS 11 
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— Abb, whence, as A: a:: BB: b b, and becauſe all planes are 
made up of triangles it follows from this proceſs, that all plane figures 


are as the ſquares of their like ſides. Theo. 36. 
If D, E, F, and d. e, f, be the dimenſions of two ſolids, and if it 


be a bd D,. and gf — E, and + : 


or putting r=, we'll have rd =D, reg E, and er 8 F, then 


theſe two ſolids are ſimilar becauſe their dimenſions are proportional, 
now if pdef = the one ſolid, pdefrrr= pD EF muſt by the ſame 
rule, be equal the other ſold and therefore as pdef: pdefrrr::; 
ddd: ROE = rrrddd = DDD, &c. for E and F, 
whence all like ſolids, are in the triplicate ratio of their homologous, 
or like ſides, i. e. as any ſolid is to the cube of any part of it ſo is any 
other like ſolid, to the cube of it's like part, or fide. Thee. 37. 


PROBLEM CLXXIX. 


Of fines tangents &c. with the axioms &c. in plane arigens- 
metry. 

173 If there be three arches AF, AN, AP, (fig. 134) in arith- 

metical progreſſion, viz. if A F A, then AN=2A, and AP=3A 

draw the lines as you ſce in the figure, then the As Z CN and COB, 


being ſimilar it will be, as CN: CO: : NZ: W SO B and 


::Cz ech, butfince FN=NP, FO will be 
O P, whence it's plain O B will be an arithmetical mean between P G 
and FH, and is therefore = © - 5 — (half their ſum) and for the 


ſame reaſon C B = 22 ny PEEL OB 
2 


TE >> CN 
Nzx20C Czx20C 
n F H and CG A — n. , andif radius 
CN be taken equal unity, then PG =NzX 2 OC—FH, and CG 
=Czx20C—- CH, i.e. If z N the ſine of the mean arch A N, 
be multiplied by 2 0 C, twice the co-ſine of the (archN F=NP) 
common difference, and from that product, the fine F H of eicher ex- 
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treme (arch as A H) be taken, there will leave P G, the ſine of the 


other extreme arch AP. Theo. 38. 
Alſo, If Cz the co-fine of the mean A N, be multiplied by twice 


the co-ſine of the common difference, and C H the co- ſine of either 
extreme A F, be taken from that product, there will leave C G, the 


co-line of A P the other extreme. Theo. 39, 
Now if e denote the fine of any arch A, and hrlf y it's co- ſine, we 


may find the fine and co-fine of n A, or n times that arch, thus let 4 
be conſidered as an arithmetical mean between o and 2 A. Then by 
{line 2A=ey=line Axy— ſine o. Theo. 40. radius. 

Theo. 38 | line zAzeyy—czſine2AxXy—SA 

we have fne4A=eyyy —2ey=lne3AXy—S:2A 
I. ſine 5 Age yyyy—-Z3eyy +e=lnegAxy—S:34, 
From whence it appears that the fine of n A will be =e X: 5 
,.. 

1 1 2 


— 


In like manner by theo. 39, we have co-ſine 2 A = _ — 1 = 
YYT2 co-fine A X y co ſine o, viz. Ax y 1 (for 1 = radius 


2 
$ 
= co · ſine of o,) co- ſine 3 A = DLL = co-fine 2 A x y co- 


N 2 


—— 


ſine A, and ſoon as before, we'll get co- ſine n A — —_ . 


* 51 7— —=X = es Fro 33 + Ke. 
2 2 

Theorem 41. which ſeries muſt be continued till the indices of y be- 

come = o, if n A be given ſuppoſe = S, then by ſolving the laſt cqua- 


tion, we'll have half y = the co- ſine of — and by the former equation 


you may allo find the fine of * this is evident, for half y being the 


co · ſine of A, the ſeries expreſſes the co · ſine of n A, &c. Alfo, becauſe 
the ſine of any arch is half the chord of double that arch, it follows 
that if 2 e be written for e, we may find the fide of any regular poly- 
gon inſcribed in a circle, or if we double the fide when found by the 


ſaid ſeries, of the multiple or ſub-multiple arches n A or — it will 
be the fide of a regular polygon, or twice fine of the arch, &c. be- 
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eauſe by the nature of the circle, ee yy =1 (viz. ſquare radius) 
therefore, if n be equal any odd whole poſitive number, we may have 
the ſine of n A in terms of e only, (becauſe the fine of 3 A, 5 A, &e, 
turns out in even powers of y) without furds, thus let 4 — 4e ©, 

put in theſe terms inſtead of yy it's equal, ſo we'll have ſine 3 A = 
3e—4ece, fine 3 A 5e = 20 e ＋ 16e ſine ) A 7e 


$ 
56e%+11265 +646 &e, whence inen A ne AN — 5 


85. » 


e3 


3 3 9 3 
a= 17 2 * I," % 


1 2,3 475 1 253 45 6,7 
+ &c, now if the arch A be taken very ſmall it will be equal e, it's 
ſine very nearly, then by writing A inſtead of e, we'll have ſine n A 
EUA Zen. „een 
4 2,3 L 2,3 475 . 


n* — ra —=9. M25 A? + &c.. now if n be ſuppoſed inde» 


293 45 6,7 

finitely great, then n A will be equal ſome aſignable quantity ſuppoſe 
_ <qual z, and the numbers 1, 9, 25, &c. taken from n may be rejected 
as ſmall in reſpect of en, and then the laſt ſeries will become 2 — 
23 2 2 7 | 


— + — + &c, (the ſame ſeries with that 
2,3 2,3»425 2, 3» 45 55 6,7 | * 
given in art. 136) which ſeries gives the fine of any arch 2. Theo. 42. 


z 4 6 
In like manner you'll get 1. 4 1 + 


2, 3, 4 2, 35 4» 5, 6 
= &c. for the co- ſine of any arch z. Theo. 43. 


I 
1 
, 

L * 

* 

v? 
| 
* 
* 
ik 

1 


28 

2, 3, 4» 5, 6, 7, 8 
174. (In fig. 134) The triangles CNz, CO B and P Nv are alike, 

ſo, as CN: CO: : NZ: 8 o B, and s CN PO: 


E * Pp O CO NZ ÆCEZ HO 
Oz: — — — 
2 N Py, then PG=(OB+Pv) = 
and FH=(OB—ylI or —it'sequal P v) © 2 XN = — 
1 


that is, the fine (P G) of the ſum (P A) of any two at ches (A N and 
N P) is equal ſum of the products of the fine of the one into the co- 
line of the other (radius = 1). Theo. 44. 

And the fine (F H) of their difference (F A) is = the difference of 
the ſame produQs (radius CN being 21). Theo. 45. 


Thus, to find the log. fine and log. co-fine of 59, ſirſt, becauſe the 


we 
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175. To ſind the ſine of any arch, ſuppoſe of 50. Firſt as 10860the 
minutes in 1800 is to 3,14159265358 &C. (ſee article 136) ſo is 300 
the minutes in 50 to ,08726646, for z, or the length of the given 
arch, radius being equal 1, then for the fine, (by theo. 42) for the 
co-line (by theo. 43.) 

Z = ＋ ,08726646 +iI=+1 


—— = — ,00011076 — —=— 400390771 
5 1 4 
+> =+ ,00000004 + — = + ,00000241 


ſo fine 59 = ,08715574, and it's co-ſine == ,9961947 
Thus may the fine and co - ſine of any arch be found, but greater 
the arch is, the ſlower the ſeries will converge, and therefore a greets 
er number of terms muſt be taken, but having thus ſound a few fines, 
you may by the foregoing theorems, ſoon find as many as you pleaſe, 
and fo conſtruct new tables of fines, or prove old ones, and fromatz- 
ble of logs. you may have the log. fines of theſe natural fines fo found, 


natural numbers in the common log. tables are but to 4 places fg. 
ures, take the log. of 8715 = 940296, and of $962 (near = 99519.7 
the co-ſine of 52) = 998344, then becauſe the co-fine has Ou place 
of figures more in it than the fine has, (in this caſe) and the log, ta. 
dius of theſe tables is ſet at 10,c000co = log. ſinc of 90 = log. tam 
gent of 459, the indices of theſe logs. muſt be d and 9, io $,9 40206 
is the log. fine of 59 and 9,998344 = it's log. co-line, 

176. Let r = radius, s = fine, c = co-five, t = tangent, 2 co. 
tangent, n = ſecant, e = co-ſecant, v == verled fie, then by theo. g, 
and 13, any two of theſe letters being given, any of the next 114) ( 
found, as appears by the right angled finular triangle in fgure 44, 
prob. 54. : 


t r — — — . — 4 G 
=== In — Ir = 2 V —vwij*=y v * V being — 


ed · ſine ſupplement. 
— — s rr er _ft 
rr = 


C Vin Tit 
8 1 2 1 1 ** 
= — n : y <c—Ir, and ſo on for any af 


— —— RR TCL ces — — 
. - - — 


— : 


- 
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the reſt, Whence | 

177. It follows, that if log. radius = r = 10, sg log. fine, e log. 
co ſine, t = log. tangent, 2 = log. co-tangent, n log ſecant, and e 
= log. co-ſecant, then by the nature of logs. we'll have 


s S t- r St Tr , S TT—Zz ZRH r- e, and t=s +r —C 
(=2T — , 


n=t+I—S=31—$—Z=e+r—Z=2r—c,and ez +r 

| (—c=31—c—t=0+r—t=2r +3 
fo that if all the log. fines or log, co- ſines &c. be found firſt, all the 
relt are ealily found by them. | 

178. By the ſimilar As (fig. 134) as 20 B, or PG TFH: 20D, 
or PI: : OB: OD: : OL: OF NM: NK, that is, as the ſum 
of the extream arches is to their difference (fine greater — fine leſſer) 
ſo is tangent mean arch to tangent common difference of the arches, 
and becauſe the mean arch — + ſum of the extreams, therefore, in any 
two arches (A F and A P) as ſum of their fines is to their difference 
(s greater s lefſcr) : ; tangent + their ſum to tangent half their dif- 
ference, Theo. 46. 

179. In the right angled A A BF (fig. 135) HI is the tangent a e 
the ſine and e BIB the radius of the arch or LA B F (by prob. 54) 
then per ſimilar As, BI H and BF A, as BI (rad.): I H (tangent £ 
ABF):;BF:AF. Theo. 47. | | 

Alſo, as e B (rad.) : BA:: ea (ſine LAB F): F B, whenceinthe 
A BAG, (divided into the two right angled ones A h F and AGF 
by the perpendicular A F) it will be as R: A G:: ſine LA GF: 

AGNSLAGF | 


— — ̃ — 


= AF, and by the laſt proportion, as R:: AB 


K = radius 
i 
R 
XSLABF=AGxXxSLAGF, in like manner, by drawing GK 
B A produced, it uil be as R: AG:: SLGAK: KN 


2 G K, and alſo, as R: GB:: 8 ABG: X * AY 92 
the ſame G K, whence A G SLG AK (S comp. LG A Bto 180?) 


= GBXISL ABG. Theo. 48. 


A F, as before, whence, A B 


R 


* 


\ 
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Let a g AB, g AG, u=BGande=GF, then by theo. 12, 
tc een AFaa- uu zue — ee (AB — BF) 
UAF, therefore cc - ee aa - uur zeu - ee, that is, cc= 
geu—- uu aa, or aa — ccguu-— zeu, Which turned to an 
analogy gives as u: a4 c:: ac: u- ze. Theo. 49. 

In any triangle A B C (fig. 135) make BD =BA, and join A D, 
Which biſect in F with the line B G, draw F E, parallel to A C, then 


vil AF=FD, DES EC, the LBAF= EA —.— 3 


B 1 C 1 C 1 
5 - Sand LGAF=BAC—BAF— PAC—ACB 
. 2 


allo AB+AC=2EBandBC—AB=—2DE, then the As BE F 
and B G C being ſimilar it will be, as B E: EC:: BF: FG, but 
(by theo. 47) 8 AF: R:: BF; tangent BAF; : F G: tangent 
FAG, or as BH: F G:: tangent BAF; tangent F A G, conſequent- 
I, as BE: EC (DE) :: tangent B AF: tangent FAG. Other- 
wite, As B C: BA:: fine LA: fine LC (by theo. 48) and as B CA. 
BA: BC - A:: SLA＋T SLC: 51 A-51 C:: (by theo. 46, 


tangent 8 tangent C. Theo. 50. 


2 2 

Theſe 4 laſt theorems demonſtrate the 4 axioms in plane trigono- 

metry. 

180. Given, Ia ge, eB =IB=r, the radius, and e the verſed- 
fine of an arch e I (hg. 135) , to find the length thereof. Suppoſe the 
given verſed fine I a, to be divided into an infinite number of = parts 
and let a q be one of theſe parts, which put = 1, draw v q parallel to 
e a, which becauſe q a, is very ſmall, the ſmall arch ve may be look- 
ed upon as a (treight line, and then the As Bae and ven are ſimilar, 


(vn being = and || qa) ſoase n(2re—eeſ?):eB(r);:vn(a3); 
. ve, now becauſe there are as many ſuch parts v e 


in the arch e I, as there are units in Ia, = e, its plain that ve x e 2 


== —— „then by comparing, this equation with ex. 77, that 
| 221 | 


2 re. 4 2 re, e *: 
| 24/2re 2,24 re,2re 
e e ar N l L 2854 4 bk. which 
2,82 Te 2 2,4 r 2, 8, arr 
by dividing each term in the ſeries by the index of e in that term (ſee 


js putting it into a ſerjes, we'll have z = 
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rule to prob. 185,) gives the true value of z=+/2rexXx: 1+ 
- Bork. Po 9s 3 SEE 4 &c. or, z=+/dex:1+ 


r Fer 2 *, 4, 6, 71 | 
© _+—3<© + &e, by putting d = 2r. Theo. 51. 
2, 3d 2, 4, 5d d 


Becauſe e the verſed fine in arches under 40 or 359 is ſmall in re- 
ſpect of the arch, or of its radius &c. its plain this ſeries in ſuch a caſe 
will converge very faſt, and that the two firlt terms thereof will give 
the length of the arch near enough for molt uſes, that is z rte 


= 


| : e: 2 re 
2. eee. nearly, or 2 2 —. ** : 121 
127 — 


PROBLEM CLXXX. 
Given any conic ſeclion Ec. to find its property. Fig. 136. 


Definition, If a cone U E F (formed as in prob. 155) be cut by a 
plane paſling thro' the vertex u and center of the baſe dividing the 
cone iuto two equal parts of ſections, the plane of each ſcction will be 
an iſoſeles triangle. (182) H a cone be any where cut by a plane 
CP parallel to E F its baſe, the plane of chat ſection will be a cucle. 


183. If a cone (fig. 136) be cut by a plane TS paſſing from T the 
extremity of the baſe to u F the oppoſite ſide, the plane of this ſection 
will be an ellipſis, whoſe tranſverſe axis or diameter is T8, being the 
longeſt diameter, and the ſhorteſt diameter B A B cutting TS at right 
angles in A its middle, is called the conjugate diameter, any part 8 a 
or T a of the axis of any conick ſection, is called an abſciſſa, and the 
line b a b, which cuts off that abſciſſa is called an ordinate, which being 
at right angles to each other, the ordinate is ſaid to be rightly applied. 
(184) If the cutting plane SA (fig. 137) paſs any how ſo as A S pro- 
duced will meet the other fide E u of the cone produced as in T, the 
plane of this ſection is an hyperbola, whoſe tranſverſe axis is T 8, 
B A B and b ab, ordinates to the abſciſſa's 8 A and S a. (185) the 
cutting plane 8 A (fig. 138 ) be parallel to u E, a fide of the cone, 
then the plane of this ſection is a parabola whoſe axis is S A, b a b an 
ordinate to the abſciſſa 8 a, (186) of theſe five ſections, viz. triangle, 
circle, ellipſis, parabola, and hyperbola, the 3 laſt are only called co- 
pick ſections becauſe the properties of the triangle and circle, may be 
known without help of the cone. Thus, in the triangle C 8 M (fig. 
134) KL being parallel to $ M, we have per finilar As, as CN ;SM 
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SM 
CN 
e=any abſciſſa C O, then, ep RL, which equation is called, the 
nature, property, or equation of the figure, (in this caſe of a plane 
triangle.) Theo. 52. 2 

Again, let a = CH (fig. 44) the diameter of any circle, 2 = AB, e 
=BC any abſciſſa, to the chord, or ſemi-ordinate B G = , then 
by theorem 10, we will have, a —e Xe =y x V, Viz. ae—ee * 
Which is an equation of the circle. Alſo, becauſe by the figure, 4 
—C= 7, therefore, *a —'z=e, and fo, aa - z z yy. bat 
is, UAG -U AB NB), a ſecond equation. Theo. 53. 

187. It is eaſy to underſtand, that the ordinates B A B and b ab, 
are chords of circles of the cone whoſe diameters are E F and C D, 
therefore, by 


Theo. 53 | 1 OCBA=AFxAEF,and Nba aD aC. 


B 2 18a 22D: :8 A: AF 
3 0 [Tara C:: TA: AE for the As Sa D and 8 AF 
are ſimilar as alſo ate the As T A C and TAE. 
2X3 4 | Sax Ta: aDxaC::SAxXTA:AF XAE. 
1 and 4 5 | Sax Ta: ba: :SAX TA: OBA, in fig. 136, 137. 
but 6 Sa: Aba: SA: JB A, in (fig. 138) where SA 


is parallel to u E, for, then Ca =E A, and fo inſtep 3, T a becomes 
= TA. Whence, if we put 2a=the tranſverſe, and 2 c = the con- 
Jugate diameters of the ellipſis, and hyperbola, but in the parabola, 
(ig. 138) a = SA, the axis, and 2c = BA B the greateſt ordinate, 
then, in any of theſe three ſections, if E Sa any abſciſſa, and 2 y = 
bab, an ordinate to that abſciſſa, we by ſtep 5th have, aa: cc: 


SM 


o: XC O=RL, whence, if we put p= 
C 


, and 


24—C XC: * zac ee: yy. Theo. 54, aaa 


alſo, aa: c:: 24+e Xe: — X : z ae Tee g yy, for the 
4 


hyperbola. Theo. 55, and by ſtep 6, a: cc:: e: — y for the 


parabola. Theo. 56. 
Theſe are the chief properties of the three conick ſections, from 
which other equations relating to them are deduced, if we take 2 = 


Aa (fig. 136) =a —e, then we'll have _ X:aa—2Z2z: =yyfor 


another equation of the ellipſis, and when the ellipfis becomes a circle 
then a = c, and then theſe equations are the ſame with thoſe of the 
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circle, which ſhews that the difference between the equations of the 
circle, and ellipſis is only the factor =, if TS, be taken for the con- 


jugate diameter of the ellipſis, and B B, for the tranſverſe, the method 
of demonſtration will be the very ſame as before, which ſhews that 
the property of the ellipſis is the ſame in reſpe& of each diameter and 
its ordinate, Theo. 57. | 


PROBLEM CLXXXI. 


Given the property of a conick ſection, to find its latus, rectum, 
or parameter, and its focus. 


188. The letters a, e, y, 2, repreſenting the ſame things as in the 


laſt prob, if we take _ Sp in the parabola, or _+©- p in che 


2 a | 
ellipſis and hyperbola, then this p will be a conſtant factor, to any va- 
riable abſciſſa e, by which its ordinate is found, ſo this p being made 
as an ordinate is called the latus rectum, or tight- parameter, and that 
point in the axis, or diameter of the ſection thro which it paſſes, is 
called the focus, node, or burning point of the ſection, of which there 
are one in the parabola, one in the hyperbola, being the point K, in 
ſig. 28, where H is the focus of the oppoſite hyperbola, which being 
taken in with K, in the conſtruction, the hyperbola is ſaid to have two 
focuſes, in the ellipſis are two focuſes, which are the points B and C 
in fig. 26. Now by theo. 54, 55, and 56, we have 
PX: z ae —e e 


2 4 


za: p:: za e Xe: EX 2 -e 
y y. for the elliplis, Theo. 58. 


24:P:: 2a e „ e:—x z ac reer yy, for the hyperbola. 


Theo. 369. 


* & + a. "= pe yy, or univerſally pen y, for the para- 


189. Let the ordinate ba (fig. 138) be che parameter of the para- 
bola, given to find S a (e) the diſtance of a, the focus from 8, the 
vertex of the parabola, here by theo. 60, pe yy 2+ pp, (becauſe 


per laſt art. —=p) hence, e = p, again, for the ellipſis and hy- 


perbola, it appears by the equations of theſe two curves, that the dif- 
ference is only in the ſigns —, and +, viz. — in the ellipſis and +, 
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in the hyperbola, whence , being in the equation will ſerve both 
curves, ſo putting z = 2a +e = the diſtance between any 4 ordinate 


y, and the center of the figure we ſhall (by theo. 54, and 55) © „: 
| a a 

a a 22 : = Jy, for another equation of theſe two curves, now if 

2y be the parameter, or y = + p, then, EN aa zz: 


pp, hence a2 T Zz z T pa, and ſo, z Va JT pa: and 
4cc 


inſtead of its =p, we'll have z= 4/aa — cc in the cl- 


writing 
2 a 

-lipſis. Theo. 61, and 2 M: aa cc: in the hyperbola. Theo, 

62, which ſhews that PC + PBS TS (in fig. 26) &c. for the para- 


bola and hyperbola. Fig. 27, and 28. 
, PROBLEM CLXXXII. 
Shewing fome other uſeful properties of conick ſections. 
190. By the ſimilar As T A E and T'S m, as alſo, S A F andSTn 
(fig. 136) it is as TS:Sm::4TS(TA): . Im 


—— 


AE, and, as 8 T: Tu: : 48 T (84) 


but by theo. 53, AEXAF=OBA = *. or 4 OBA 


Sm Tn, that is the conjugate diameter of any ellipſis, is a mean 
proportional between the diameters of the cone at each end of the 
tranſverſe, Theo. 63. 

191. Becauſe caſks are ſuppoſed to reſemble theſe conick ſcctions, 
now to find the true form of a caſk &c. let m =m D fig. 128) a 
diameter taken in the middle between the head Hd and bung BD, 
k = Hd, the head, b BD the bung diameters, a = 4 E L, half 
the caſks length, e = v E. 
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ce hb, c &õK :e 4a: mm, ce : 
bb, c being = parameter. 


an: br: 12406 nn nin © 


property of 


Thenby the l 
the parabola 


2 


| - 
aabd tt, and $2abd tt, tbeing = half 


by properellip. | 3 


bb hh bb mm 
tranſverſe. 
from 1it ſtep 4 | mm= 2 — Theo. 64. 
, 2 
per 2 5 m zT. Theo. 65. 
per 3 Is na_ T2230 Theo. 66. 
4 
þ 2 
alſo by writ- { | 7 mm=: hh. 22 8 :X z. Theo. 67. 
ing 2 in the 3 


for 4 a, they aa ; 
become. 9 [mm =:bb 8. — :* 2 z. Theo. 69. 


By the three firſt of theſe theorems, you may find a diameter in the 
middle between the bung by calculation, which compared, with one 
taken by your gauge rod &c. will ſhew what form the caſk is neareſt, 
or becauſe diameters are as their peripheries, you may uſe the girths 
inſtead of the diameters, the z laſt of theſe theorems are for ullaging 
ſtandivg caſks, | 

Note. The firſt of the above ſteps, is for the fruſtum of a parabolic 
conoid. the ſecond ſtep for that of a parabolic ſpindle, and the third 
for the zone of aſpheroid. , 


192. If a ſold U E F (fig. 139) formed by the revolution of the 
ſemi curve UE P, about the axis u P, be cut by a plane 8 A parallel 
to the ſaid axis U P, its manifeſt, that BF B and EE B, the baſes of 
the two parts ſo cut, are ſegments of the cirele of the baſe of the whole 
ſolid UE F, whoſe diameter E F, call 2a, chord B A B = 2 b, verſed- 
line E A = e, then by theo. 53, we'll have zac — ec =bb, then 
by the nature of the generating curve U E P, we may find the equation 
of the ſection BS B, made by the ſaid cutting plane 8 A. Thus, let 
VE de a half parabola, whoſe parameter, let be = q, it's axis u P 
= Cc, the radius of its baſe EP=FP ga, the height 8 A of the cuts» 
ing plane = h, and SI = AP, its diſtance from the axis (u P) = 2+ 
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Then by theo. 60, q c g aa, andqx:c—h:=2z2z, whoſe differ. 
ence is qh =aa—ZZ BA by theo. 53, hence the ſection mad, 
by this cutting plane, is a parabola, having the ſame parameter with 
the generating parabola. Theo. 70. 

Again, if E u F, be a ſemi - ſpheroid, whoſe axis of revolution is up 
Se and E Fg 2 a the other diameter of the generating ellipſis, E 4 + 


S e, then by the property of the ellipſis as _ X: 28&—ee: (Ix 
a a 


OBA): 2ac— ee, or lower, as _ T, or as CC:aAatt[JSA; 


(BA, whence, as c: a:: S A: BA, hence, S BB the plane of the 
ſection cut off, is an ellipſis ſimilar to the generating one U E F. Theo. 
71. 
193. If from the vertex U of a cone (fig. 141) a perpendicular UQ 
let fall upon SA (produc'd) the axis of the conick ſcction, this per. 
pendicular, as alſo U p, the axis of the cone may be found by havny 
given the dimenſions of the fruſtum, ME FS, thus, make SI = $m, 
thro* I draw I G and I H parallel to EF and EU, then draw IT, 
HP and 8 R, 1s to FU, I Gand E F, and the right angled As HPG 
and I T G will be fimilar, having the common L at G, as alto will[T$ 
and US Q, becauſe of the equal Ls at 8, likewiſe, the As H 1 G ad 
Ums, are ſimilar becauſe H I is by conſtruction parallel to U m. 


by theo. 9. 1G H: GI: : HP: IT. 
and 26H: GI: : SU: Sm S Sl, by conſtr. 
* + 37 HP:;:1T :; 8U: 81. 
by theo. 9. 4 IT: IS:: UQ: Us, 
by 3 and 4. | 5 U: US:: HP: US, fo, UQ = HP. 
bytheo.g. | 6 | FR:$R:GP; SN H= 
| Fp xSR 55 
as al FR: SR:: Fp: PNC UP 2 
* o | 7 R:SR::Fp FR — 


The 7 followog problems contain the theory of menſurations, 0 
the inveſtigation of theorems, for meaſuring all kinds of planes aid 
ſolids. 


PROBLEM CLXXXII. 


Having given the 3 ſides of any plane A, to find its area. 
Let the ſide be denoted by the ſame letters, a, c, and u, as inthe. 


49. where, we'll haye © = << 2— » which ſquared, d Wi 


- 
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PP ci +at+ut+2atc*' —2c" u*—2a%v" which» 
„ | | 
ken (by theorem 13) from cc, will leave the ſquare of the perpendi · 
cular of the A, whoſe ſquare root (ſee theo. 24) multiplied by & as 
half the baſe, gives the area of heA =44/:—ct—at —ut+ 
| | —a+c +1 


*28*ctþ20tu*þ2u*%2%; ο N 2 


LEE . Theorem 73. 


2 
194. It appears from fig. 58, that if lines be drawn from each an- 


ar point, L, m, n, to E the center of the inſerib'd circle F G H. 
that the AL m n, will be diyided into 3 As, E Lm, E mn, and En L. 
whoſe Ls are each = the radius (r) of the ſaid inſcribed cirele, and 
therefore by theo. 24, 4 ra+ESru+z+zrc= the area of the A 
Lm n, whence, if the radius of the inſcrib'd, and 3 fides be given the 
area is eaſily found, or if the three ſides be given the ſaid 
radius by the laſt theorem is eaſily had, forFrx:a+u+c: 


= / , CEE x ein x eich | 


= . 1 — x Cc—a+uXc+2—y 
by diviſion gives 3 r= 4/: x73 X Lon —. 


Theorem 74. | 
| PROBLEM CLXXXIV, 


Given the 3 angles A, B, and C, of any ſphericaltriangle AB C, 


to find its area. Fig. 142. 
195. If the circle A R D, be moved equally round the globe, upon 


the two poles A and D, it will deſcribe equal ſpaces in equal times, 


and therefore, thoſe ſpaces mult be as the angles at the ſaid poles, 
that is, putting D = the axis of the ſphere, and p = 3,1416, we'll 
have (by theo. — ) p D D= the ſurface of the whole ſphere, then, 
as 3600: pDD::LA, or LD : ſpace A Q D, &c. put G = area 
AABC, Alſo, ADE F = H (becauſe the ſides and Ls in the 
one A are reſpectively = thoſe in the other A) R = ſpace CB QD, 
TS CEP, audS=A CEP. | 3 


8 


1 1 
8 8 * i 
— — d = 


— 
T Cr 
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Then by 1 nnn 
what is ſaid > | 2 | 360 pDD:: B:G+S 
before 3|36:pDD::C:G+ T=H4-T 
EDT 4 | 3 x360: 3pDD ::A4B4C:3 G4-R-+S4T 
4 * 5 | 3X360x: RNS: =3pDDXx: A+B+C; 
5—3 6 | 360Xx:3G+R+S+T=pDDX:A+B-+c: 
per figure [7 | R4S+T=--4pDD—G 
6 and 8 | 360 x:#$pDD+2G:=pDDXx:A+B+4C 
8—180pDD | 9 | 720G=pDDX: A+B+C— 180 : 
9 — 720 o G=: 2.2 LEED ERP X DD Theo. 75, 
| 


196. Becauſe all polygons are made pp of triangles, let S S ſum 
and n= the number of angles of any ſpherical polygon, of What 


ordinate, or inordinate figure ſoever it be, we'll have —. X: 360 
720 


＋8 — 180n, for its area. Theorem 76. 
PROBLEM CLXXXV. 


Given ae 1 bee A ceee Ade &c. = A, Ihe area 
any turve-lined ſpuce TG C (fig. 31) e being = the abſcilſa 
T C, a, b, c, d, &c. being known, or tinknown coęſſicients, ty 
find y the erdinate G C to the faid abſciſſa, and from the equa- 
tion of the curve thus found, to determine its area. 

197. Let e z, be drawn very near, and parallel to G C, ſo may the 
ſmall part e G of the curve be taken as a ſtreight line, or the ſpace 
GCze, as a Trapezia, with two parallel ſides ez and G C, whoſe 
half ſum will be =qd, an ordinate in the middle between G Candez, 


let 2, ='the abſciſſa Tz, then by the above given area, az +4 bz z 
+3 cz34++dzt 4- e. will be the area of the ſpace, Te z, then, 


its plain that if from the ſpace TG C, be taken the ſpace T ez, 

there leaves the trapezia G Cz e, which divided by C z (e —2) gives 

(by theo. 26) the ordinate d q (q), thus 

From ae + be + 3 ces + *de* 4 &c. = ſpace TGC, 

take a; az 4+ Ibz* 44 1025 1 402 ＋ &c. ſpace Te z, 

E—z) a ac—az + 4be*—$bz* + 4ce3—$cz3 + 4det—20zt + (a 4A beg. 
AC—AZ (%z+ zee + &c. =4 


Abe 725 
4be*—zbez 
Abez— bz: 
3bez—*bzz 


—_— 
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The required ordinate or equation of the curve, but when z bes 
comes S e, then q becomes = y, and this equation or quotient be- 
comes, a +be+cee + de3 + &c. = y, for the equation of that 


curve whole area is a e þ bee + 4c e3 + $de*+ &c, = A, zz 
if the equation be a = y, the area will be a e, if the equation, be a + 


be = y the area will be a e, + 4b ec-if the equation be he y, the. 


area will be + bee, and univerſally, if peng y, the area will be 
.. this laſt equation is (by theo. 60) that of a parabola, and if 


n ＋1 


it be a common parabola, then n = 4, in which caſe Fe be · 


comes z pe 7— (becauſe pet =)) + ey, for the area of a common 


parabola. Theorem 77. | 

Ifn=1, the (by theo, 52) pe = y is the equation of a plane A, 
in this caſe r becomes pee = (becauſe pe=y) 4 ey, the 
ſame with theo. 24, from theſe things we may deduce the following 
general rule, viz, | 

198. Having the ordinate (y) clear on one fide of the equation, 
if the other ſide be in ſurds or trations &c. it mult be reduced into 
a ſeries, &c. Then multiply each term by the abſciſſa (e), which done 
divide each term by the index of e in that term, ſo have you the area 
or the ſumof an infinite number of ordinates which compoſe the ſpace, 
or figure, the reverſe of this rule gives the curve's equation, this rule, 
is allo fairly proved in art. 93 in prob. 172. Theo. 78. 

199. In theſe theorems &c. I make no difference between the or- 
dinate, ſemi-ordinate for (fig. 31) if you uſe the ſemi-ordinate, G G 
(y) with the abſciſſa T C (e) you'll have the ſemi-ſegment T C G, 
but if I G (y) be taken, you will have the whole ſegment I T G, for 
GI =2CG, &c. for others. 

200. From the above rule, ariſes the method of fluxions and flaents 
en +1 

&c, 
n+ 
201. But to apply the above rule to practice. Let 2 or e always 


denote an abſciſſa, to an ordinate y, A the area of the ſpace, and 8 its 
ſolidity, then firſt let the area of that ſpace or curve be required whoſe 


. *. CEC . C 
equation is ay K %,. or —y 2a —Z2: =Yo 


for if e be a variable quantity, the fluent of ve *< is = 


＋ꝙ— —_— - — — 


— 


— 
_—_— 


- — ——— I  - 
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which put into a ſeries (by art. 73, prob. 170) will bey=— X :4 


ZZ 1 355 2 * ; 
24 2,4 a 3 2,4,645 2,4; 8 4 4 


23 


which multiplied by the abſciſſa z, gives zy = — * 22 —-22 


5 7 
r. and dividing each &c. as by the haſt theorem A = 
8a 5 48 a5 
. 7,3 25 32 7 - . , 
OT Ol AIRS. HOON - &c, this ſeries will (by theo, 

* 6a 40a 336 a5 
37) give the area of an elliptical ſpace intercepted between the dia- 
meter c and ordinate y. Theo. 79. 

If z be taken =a, we'll have Ag ca KN: 132-23 
1 — &c. which ſeries continued will turn out c a x 0,785 39 &c. 
= A, for the area of a whole or ſemi-ellipſis (as you take c and a for 
the whole or half diameters &c.) Theo. 80. 

If from 0,785 39 &c. a c, you take the ſeries in theo. 79, its mani- 
feſt there will leave the area of an elliptical ſegment, or by ordering 


| —/2ae—ee = y, as you did * —ZZ=y (lee theo. 54) 


you'll have a ſeries for the ſame ſegment, cut off parallel to the tranſ- 
verſe, when as taken for the conjugate, but cut off parallel tothe con- 
Jugate when a is taken for the tranſverſe. 

202. If a be taken = c, the ellipſis becomes a circle, and then theſe 
theorems holds true for the like parts of a circle. Theo. 81. 

If we take the diameter of a circle = 1, its periphery (by art. 136) 
be 3,1415926, &c. and (by theorem 28) half of i (o, 5) multiplied by 
half of 3,1415926 (1,5707963) gives 0,78539815, for the area ofa 
circle whoſe diameter is unity, or 0,785 4 may ſerve as a conſtant fac- 
tor, the very ſame will turn out by theo. 80, whence, 0,7854 dd = 
area of any circle, Theo. 82, 


Becauſe circles are like figures, therefore (by theo. 36) as the ſquare 
of 3,1416, the periphery is to 0,7854 its area ſo is [J 1, viz. 1 to 
»0795 &c. the area of a circle whoſe periphery is unity. Theo. 83. 

It is plain (fig.-134) that if from the ſector CPN F, we take the 
ACP F, there will leave the ſegment PNF, that is, if C Pr, oN 
the verſed fine e, Po half chord C, Co =d =r— e, and a 
PN F N, the half arch, then ra — dc (by theo. 29 and 24) = J, 


the ſaid ſegments area, but (by theo, 51) 2 2 X : Iz re: 


12 * 


AND MECHANIC. 


jearly, therefore ra 2 2" :12r Te: the area of the ſaid - 


12 | 7 
ſector, from which take d c the Q, and there leaves the ſegment = 


12 | 
x3 / are, nearer, and if t and q, be the diameters of an ellipſis, 
15 


we'll (by theo. 8 1) have: 12 229 txt Votes for the 
32 r — ze 158 
area of an elliptical ſegment. Theo. 85. 

203. Thus you may proceed to find the area of any ſpace &c, if 
its equation be given, and having ſo found the areas, you may com- 
pare the figures or find what proportion one plane bears to another, 
as for inſtance, if a circle be circumſcrib'd about an ellipſis and ano- 
ther circle inſcrib'd therein, let p = 0,785 4, a and e, the diameters ol 
the ellipſis, which are alſo the diameters of the ſaid circles, then 
paa and pc e, and pc a, ate by the foregoing theorems, the areas of 
theſe 3 figure, which are, as pa a: pee, :: aa: cc, allo, as paa 2 
paa:: aa: ac, likewiſe, paaxpcec =] pca, which ſhews that 
Every ellipſis is a mean proportional, between its circumference and 
inſcrib'd circle. 


PROBLEM CLXXXVI. 


To find the contents of ſolids, when the equations of their generating 
planes are given. 


204. As a plane is compoſed of an infinite number of lines, or ordi- 
nates, ſo is a ſolid of an infinite number of planes or areas, whence it 
follows, that if one of theſe areas be multiplied by their number, the 
product (if the areas are equal) will be the content of the ſolid, there- 
fore as an area, divided by its length gives a breadth (q) ſo a ſolid 
divided by its length gives an area (pqq), whence, if inſtead of taking 
a+be+cee+de3 þ+ &c. y, we take it yy, and work as in 
the laſt problem, we'll find that when the equation of the generating 
curve is ven , or the equation of the ſolid generated thereby is 
m * 
vve*'"—yy, orce®—=yy, the ſolidity will be Er which 
gives this general rule, viz. if the ordinate (y) or radius of the baſt 
be clear on one fide of the ſign =, then ſquare the whole equation, 
and multiply each term therein by the abſciſſa (e or 2) then divide 
each term by the index of the ſaid abſciſſa or axis in that term, which 
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multiplied by p gives the ſolidity, p being 231416, iy = radius of 
the baſe, but p = o, 7854, if y = the diameter of the baſe for U 
and 3,1416 + 4 = 0,7854) Theo. 84. or writing yy for cen 
Its equal we'll have PY*© 2 8, which is a general ** ſor all 
m +1 
cones, nnd and — conoids, thus if oc yy, then ÞIY © 
mr 
Tpyye a8, for a common parabolic conoid. Theo, 87. 
_— y (the equation of a A) gr cee=yy, then PYYC = 
mT AHI 
pyye =S, for the folidity of a cone (m in this caſe being = 2, 


heo. 88. 

If y be the fide of any regular polygon, and p ſuch a number 28 
that p y y = the area of thatpolygon, e S the axis of a pyramid whoſe 
baſe is the faid polygon, then 4 pyy e = 8, its ſolidity. Theo. 89. 


205. la the ellipſi (fee theo. 54) — x: z ae — ee: , which 


multiphed by ep, and each term divided by the index of e in that 
term, Thea. 86, gives — N pa e- peee =S, for the folidity of 


1 


a ſpheroid's ſegment, Q Mm (fig. 144) = (becaule ** =—x 2460 a 
. ee) e K 15 Wee +3 Theo 0 4: 
92 pe & = "> JJ. Iheo. 90. 1 
b 
1 x aa - z 2 2 yy, then (by theo. 86) pe 242 2—3 
a 
$23 = $3, the een n Whole 
zone MM mm (fig. 140) latent of a ſpheroid =p ccz— 8, 
2 1 whence, becauſe < _ X 2 a2 -Z: yy, therefore aa = | * 
4 a | __ 
ZEEC which put in the laſt equation for aa gives after reduction; 
ec—yy 


PzX: 2cc yy: 8, Theo. gr, for the zone of a ſpheroid as 
atfo of a globe, as is endet becauſe a, the axis of the ſpherozd is not 


u be expreſpon, if e be taken = 4, then — PX: acc eee 
$, (ke theo. go) becomes 4pcca=$S, Theo. 92. 


1 
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if in theſe theorems, you write a for c, and c for a, the ſame theo- 
rems will hold true in the ſame parts of an oblate ſpheroid, as is plain 
from theo. 57. Alſo, if the ellipſis become a circle viz. if c =2, 
then theſe theorems hold true in a globe, or ſphere and its parts, vis. 
2.paaa = ſolidity of a half globe, pe x: ae — g ee ſolidity of a 
globe's ſegment pe x: ec +Z yy : &c. Theo. 93. 
206. If QV Quv be a ſpindle formed by the revolution of the ollip- 
tic arch QVQ about QQ (fig. 140) a chord parallel to T T (a) 
one of the ellipſis's diameters, whoſe other diameter is 2 OV (e) let 
OC —d, the diſtance between the center O, of the ellipſis and the 
axis of rotation QQ , e ='Cin, A = area of the <lliptic ſegment 


MVd, b=Vv, andy = Mm, then (by theo. 57) I K- 4 ce: 


Um, whence y =. V: ane 2 Ul, 
55 = X: 24 —4ece, 4d —4d — +/a—qee which mul- 


tiplied by pe, and each term divided by its index af e gives pe we 
2 +4ddep—: 8dp x ſpace Mꝗ O V, which ſpace (ſee theo. 


344 | | 
79) is manifeſtly = ed rey + A which being put for Mꝗ O V, 
and e — :Q 2d +y : for . its equal, we'll hae: 2 


a a 
2d yl 12d d - zdy: +pe—8Ad, 8, the folidity of 
Mm va fruſtum or half zone of the ſpindle QV Qy, but d + & 
b=—=4c,lo2cc= 8dd 4+ 8db-+ abb, which put for 2c c inthe 


laſt equation gives 2 b b + yy +8d:xb—y—3A: XEpe= 


E 
8, the ſame ſolidity, Theo. 94. If a = c, or the ellipſis become a 
circle, then the ſegment M V d will be a eireular ſegment whoſe area 
is A, and the laſt theorem will become $ = 


:2bb+yy+B8d :x'b—y — 3A: 4 pe, for the fruſtum of u 


'C 
circular ſpindle, Theo. 95. If in theo. 94. we write — d for 4d, - 
then that theo, will become 8 : 2b b 4'yy — A: b 32 


x pe, for the fruſtum or ⁊ one of an hyperbolic ſpindle, Theo. 96. 
A being S area of a hyperbolic ſegment M V d, if y o, the C 


e becomes = CQ, half the ſplndle's length, then the 3 laſt theorem 
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become S=2bb - 8d x: bi :* pe, for the ſolidity of an 


elliptic, circular, and hyperbolic Hindle. Theo. 97. 


If d = o, then theorems 94, 95, and 96, becomes, S : 2bb þ 
vy: X 4 pe, for the zone ofa globe or of a ſpheroid, or of an hy- 
perbolic conoid. Theo. 98. And if y = o, then S=+ pebb, for a 
globe, ſpheroid, and hyperbolic conoid. Theo. 99. Theſe two laſt 
theorems are the ſame with theorems 91 and 92, which fee. 


if you would have the above theorems without d, you may put in 


its equal © =D ja the ellipſis, or a+d in the hyperbola's fruſtum 
2 _ x a 

and by the equations of theſe two curves, work out a and c, but then 

the theorems will be very complex. Alſo, you may aproximate the 

area of the ſegment M V d, (fee theo. 84 and 85, ) and put it in theſe 

theorems for its equal A, but they are eaſieſt as they now ſtand. 

207. If Q V Qv (fig. 140) be a parabolic ſpindle, form'd by turn- 
ing the parabola Q Q , round its double ordinate QQ, let Mm 
= (being VV) 2CV =Vv = b, the double axis of the generat- 
ing parabola, or diameter of the ſpindles greateſt circle, Cn =e, and 
e =the parameter of the ſaid parabola, then (by theo. 60) c x Vd 


2 C 


ſoyy=bb— eden. geeee whence (by theo, 86) S=pe x: 


c ce 
l e —. - th but 2<< — =b —y, whence pe x bb 


8 3 b b 2b x NN + 
3 
. Apex 8bb — 10bb N 2bb+ qby, 


5 


XFpe=: 2bb+yy —z _ : X+ pe, Which are 4 theo- 
rems, for the fruſtum of a ben ſpindle. Theo. 100. 

If y = o, the fruſtum becomes a whole ſpindle, and then we'll hare 
2 bb— I bb: Ape bebbæ s, for the whole ſpindle he 
QQ. Theo. 101. 

If UEF (fig. 139) be a conoid form'd by the revolution of the 3 
parabola E S U about its axis u P, let u Pa, PE=PF =b, the 
greatelt 4 ordinate 8 1 = y another 3 ordinate, ge, and c Park- 
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meter, then (by theo. 60) cx:a -e: =y y, whence (by theo. 86) 
pceXx:a—Fe=s, but ca—ce y. ſotyy—Eca=—zce 
whence S=pe:X:ca+4yy—$ca:=:4ca+tyy: allo, 
ca=bb, foS=*pex:bb+yy: the ſolidity of a parabolic-co- 
noid's fruſtum, Theo. 102. And if y go, then S= 4 pabb, for the 
whole conoid, as by theo. 87. 

207. If A BP E (fig. 127) be the fruſtum of a cone, let its height 
n Eg e, diameter of the greater baſe AB =b, that of the leſſer baſe. 
EF = y, put c = the parameter of the A By A, and d=b—y, 
then (by theo. 52), cXx:a—e:=y (a being = the axis or LD v) 
ſocc; aa - 2ae +ee:=yy, whence (by theo. 86) S=pcce x 
:a2—ac ee: but becauſe the As a EB and A B are ſimilar, 
ce will be = d, ſo 3 ccee d d, allo, ca=b, or ccaa = bb, and 
ceXca=ccac = db, which put in the equal of 8, gives S=pe x 
: bb—db+43 dd: the ſolidity of the fruſtum. Theo. 1c3. 

If the fruſtum become a cone, then y =o, d = b, e = a, and the 
laſt theo. will become S r 4 pa b b, the ſame with theo. 88, but if 
y=b then d = o, in which caſe 8 = pe bb, the ſolidity of a cylinder 
Theo. 104. 

If b Sa fide of a ſquare priſm's baſe, thenp=1, ſoS—=ebh, 
Theo. 105, | 

If in theo, 103, you write b — y for its equal d, you'll have 822 
pe x: bb —bb+yb+3dd: =pex: yb++ dd: Theo. 106. 

If in this laſt theo. you put bb — 2by + yy, for its equal d d, 


you'll have s ex e == nt 2 =Fpex: bb 


yb+yy. Theo. 107. 

And becauſe circles are as the ſquares of their diameters, therefore 
if A and a, denote the areas of the two baſes, then 3 S r pe x: AA 
y: Aa +a :, a general theorem for all ſuch fruſtums. Theo. 108. 


If ABC be a cone or pyramid (fig. 133) with an oblique baſe AC 
(whoſe area let be = a) where the axis BD (e) cuts the plane A C of 
the baſe produced, then by what is ſaid in this article, with theo, 34, 
we'll have Sg e a, for the ſolidity of this oblique ſolid. Theo. 109, 

Or if ABCbe an oblique fruſtum whoſe baſes A C (a) and B (A) 
are parallel, then for the ſame reaſons S = FexiAbty Aaba; 
Theo. 110, | 

2.3, If the fruſtum FR ms (fig. 141) ofa pyramid, or cone, Eu F, 
be oblique:7 cut by a plane 8 A, the parts FSA and AS m E fo gut 


x 
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are called hooſs, or for diſtinction F S A is called hoof, and AS m E 
the complement hoof, and if the cutting plane S A, be an ellipſis, 
parabola or hyperbola, the hoof is called an elliptical, parabolic, or 
hyperbolic hoof; in any of which it is plain by the figure, that the 
hoof FSA, is=AUF—AUS, thatis put A=area of the ſection made 
by the cutting plane 8 A, a= area of the circular ſagment whoſe ver- 
ſed fine is A F then by theo. 109, up Xa = conical part AUP 
and + UQ XA = oblique cone AUS, ſo 4 pa- 44 A hoof 
FS x, of any kind or form whatever either conical of pyramidical, 
being =upandq=Qu) Theo. 111. 

And this hoof taken from the fruſtum FE ms, leayes ASmE, or 
taken fromSn AF, leaves comp. hoof Sn A Theo. 112. 

But by theo. 72, you may exterminate p and q, and fo have the 
GP xXSR 


"— — forg, 


hoofs in terms of the fruſtum &c. thus by writing 


and FepxSRgrp, theo. 111, will become X: FSR: 
FR IT 


A xGPxSR:=:Fpxa—GPxA: 2£ 


3FR 3 FR 
fame ſolidity. Theo. 113. 

This theorem is general, whether the cone &c. be right viz. ita 
axis fall in the middle of its baſe, or oblique, viz, when the axis is 
not in the middle of its baſe, by ſome called a pyramidic cone, ſuch 
an one is the cone, Au, or AUS, but in theſe theorems following, 
mean the right cone, made by prob. 155, where the laſt theorem 
will become more ſimple, for then E = F p, and G P=1P, and by 


ſimilar triangles, as SA: 3 PA f 8 m (81) 2. =GP, 


let DE F, d Sm, and h = SR, the height then Fp A D, FR 
=P=C d Gp ES 


=P, the 


, Whence the laſt theorem will become 


d Xx FAN A h 
X 
S A 3D--3d 
Let TmSn (fig. 136) be the fruſtum of a ſquare pyramid, cut 
diagonally by a plane 8 T, each {ide of the greater baſe being = D, 


and of the leſſer d, and height SR =h, here a= DDA D+d 
2 


x TS=SAFA(nT)z D, which put in the laſt theorem gives (for 


28, Theo. 1 I4. 
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h c 
4, A; and FA=D=Ta): DDD—:dxXD x D+d, Ye 07 


| 2 3:D-+d: 
.hDPD—dDDb— Dev =: 2DD+Dd:x#h,= 
2 6D 0 d 
which taken from: D D + Dd dd: (ſee theo. 107) x h, leaves 
2 dd D d: x Fh, S8, for theſe two hoofs, 8 Tn, and 8 Tm. 
Theo. 115. | . 

Let Tm S (fig. 136) be an elliptical hoof of T ms n, the fruſtum 
of a right cone, with circular baſes, whoſe diameters are 8 m = dz 
Tn g D, and I height SR = h, put p = 0,7854. now by theo. 63, 
Dad =B AB, the conjugate diameter of the ellipſis, ſo p Dd 
ST S A, anda =p DD, which put in theo. 114, for A and a, and 


TS, for SA as alſo Tn for F A, we'll have S: — — 
DDS h__-:DD—dy/Dd:x 


18 r 


7 — 7 the whole fruſtum T m S n, leaves: D Dd —ddt 


X 3-42 = 8, the comp. hoof T ms. Theo. I 16, 


in the parabolic hoof 8 A F (fig. 138) we bare (by theo. 37) 48 
X BB —area parabola BSB=4SA x: Ad x D- d: = A, 


alſo, a = area of a circular ſegment whofe chord is B A B, and height 
FA, whichFAis=D—d (becauſe S Ais || E m) theſe put in theo. 


114, for A and F A gives S=: Da — 4d x D—dxSA x:4/dxD--d 
S A 
V, N * + h = hoof 


1 

3 r D—d 
SAF which taken from the fruſtum (EFSm) :DD+d xD +44 
x ph, (ſee theo. 107) leaves, S : DD +d X D+4d :XÞ — 
5— + 4: vV:dxD—d :x+h for the upper, or comp. 
hoof S A Em. Theo. 117. | 

If the cutting plane be an hyperbola (fig. 137), in this caſe, F A 
and 8 A muſt be had before the hoofs can be meaſured, and then D, 
d, A, a and h, being as before, we'll (by theo, 114) have S=Da = 


dA NF 
5 : h for the lower hoof SA F. Theo. 118. 
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But if the cutting 8 A, be A. E F, then (per fig.) S A Sh, and FA 


= by which the laſt theorem becomes, 8 = was £4 
3:D—d: 6 


EY 
the ſame hoof. Theo. 119. 


D — d 


But as is commonly ſmall in reſpe& to D, we may in fuch a 


2 
caſe, take: 47D P+23Dd _ q7dd+23DD „ K. 55-4 
8D+6d 8 d＋6 D of * . 
8, = hoof SAF nearly. Theo. 120. 


PROBLEM CLXXXVII 


To find multipliers for reducing caſes to cylinders, &. with ſeve- 
ral other uſeful theorems in menſuration, and gauging. 


209. Having in the laſt prob. ſhewn how to inveſtigate theorems 
for the molt uſeful ſolids, I ſhall here ſhew how a multiplier may be 
found for reducing a ſolid to a cylinder &c. which is ot great ule in 
the gueſling way of caſk gauging. Theſe caſks are ſaid to be of four 
forms or varicties, viz. 


& | 1 | two equal | ſpheroid © | moſt 2 
8 | 2 | fruſtums | parabolic ſpindle | 5 | leſs | —_— 
* | 3 | or Zones | parabolic conoid = | leaſt eee 

= | 4 | of a cone = | nothing | 8. 


With theſe four varieties ſome mix two more, firſt, the fruſtum of a 
ercular ſpindle after ſpheroid, and the fruſtum of an equilateral hy- 
perbolic ſpindle, before parabolic conoid, but theſe four above are ſuf- 
ficient, | | 
Now, let e = thecaſk's length, b bung, and h head diameters, 
d=b— h, their difference, m the required multiplier, then m d, or 
mc: bh: added to h muſt be the mean diameter, viz. that of a 


cylinder = tothe caſk and of the fame length, whence p e x h + md] 
28, the caſk's content, : 2bb + hh: X#pe, by theo. 91, = 
:2bb Thh—+3 dd pe, (by theo. 101,)=:bb+hh:xzpe, 
(by theo. 102) =: bb-hh+bh: xk pe, (by theo. 107), divide 
each of theſe by p e, and you'll have 


2 

for | 1 | 2bb + hh=3x: h ＋ dm} := 3hh+6hdm+3ddmm, 

va- |2| 2bbHhh—o,4dd=3hh+6dhm+3ddmm, 

riety j 3 | bb thh=2hh>T4dhm+2ddmm, 
n 

And by tranſpoſing 2 h h, in the third variety, and 3 h h in the other 

three varieties, 
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11 2bb—- 2 hh =6dhm+32ddm, 
well |2{ 2bb—2hh—0,4dd =6dk m+$5ddmm, 
have | 4 | bb —2hb+bhb=6dhm+3ddmm, 
3 Nil 


In theſe 4 equations, for bb write its equal b+a , viz. hh +2 
bd +4d = bb, and in variety qth, forh b, write its equal: h d: 
x h; and you'il have, 

| I | 4dhT2dd 

2|4dh —1,6dd >=6dh m+3ddmm; 
4\3dh+dd 

| 3 | 2dh+dd=qdhm+2ddmm, 

Now by tranſpoſition, and diviſion, theſe will become, 

1 :6m—4:xh 2 


Now to have d the greateſt poſſible, its 


z mm 
| 5 plain the denominator 2 — 3 m m muſt 
"—ITIam | be—0, or 2=3 mm, and to have d 
x bz 55 h the leaſt poſſible, the numerator 6 m 
3.3 — 4 = © &c. or 6m= 4 &c. by which 


the value of m, in each variety is, 


4.5 m — . Kd 
13 m m 
leaſt limit greateſt limit | variety, | 
m=7 | m= F = »8165 I 
, m=T m N — 7303 2 
m m =+/ += 7071 3 
"w=s | m=+/+ = 55774 + 


Thus you ſee the leaſt and greateſt value that m can poſſibly have, 
in theſe 4 varieties, and that there can be no one multiplier ſet to any 
one of the ſaid varieties, but to find (m) a multiplier for any particu» 
lar cafe, let us ſuppoſe a caſk- of the moſt common form, hung dia- 
meter b — 32, head diameter h 26, the bB —h = d = 6, then 
by what goes before we'll have 


I bb<+h | 
n m="T y/ © 2 2 h: = 0,6888 &c. Theo, 121. 


for | 2 m= ot i ER ER EDO; —h:==a,67 $3 The. 122 
1 „ bb+—hh. 


nety | 2 | M=—: vy: — i—h:=0,5259 &c, Theo. 123. 


T 
2 * 
4 mot a ;—h;=o,5e87 &c. The. 124. 
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By putting ſquare of h +m d j= _ BY =2bb+hh—z 
d d = &c. &c. 

210. Let there be given a trapezia ABEF (fig. 127) with two 
parallel ſides A B and EF, to find the length ou = LD, of a given 
part to be cut off, by a line G u parallel to ABor EF; let b=EF 
I=nE, a— Eu, S = area part Gu E F to be cut off, and 2d = 
d a 


AB—EF=aB. Then by ſimilar triangles, as I: d:: a: T = 


Zu z but uz xu = AEzu, which added to (7 F-.GzE 


Vds +11bb : lb 
_— 


(bxa) gives = + ba = 8, whence a — 


Theo. 125. 

211. IH ABE F (fig. 127) be the fruſtum of a pyramid &c. and it 
be required to cut it into two other fruſtums A B UG and Gu EF, 
let h E n, the height b = a fide of the leſſer baſe EF, d = dif. 
ference between a fide of each baſe, = a B, c = a factor by which if 
you multiply the ſquare of a fide of the pyramids baſe &c. and that 
product by its axis, may give the pyramids foltdity, a = Eu, the re- 
quired length, and 2 the ſolidity of the part Gu EF to be cut off, 


then by ſimilar As, as d: h:: bzb. yr, ſo —.— ſolidi- 

ty top pyramid E F V, then (oy theo. 3) as b : —— or in 

lower terms, SCA eee 3 

fL v. - = Theo. 126. or putting q ö 
ee. 


= = 
c d 

212. If AB C D (fig. 142) bea ſtreight ſided fruſtum with parallel 
baſcs AB and CD, and there be given the ſolidities of the three parts 
or fruſtums E D, DG, and PI, =A, B, C, reſpectively, to find the 
ſolidity of a fourth fruſtum D I P, the perpendicular diſtances be- 
ing equal to each other ſuppoſe S a (viz) a = La = 2a, a 2 22, 
3a =&c, let e TL, then per ſimilar As, as AB:PT : : CD: 
PTXCD 


PT 
* = TL =6 let — =1, chen e = CD, and for the 
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reaſon ea EF, e. Tza = GH, e+3a=IK, e442 
Lm, CD, EF, GH &c. being parallel to one another and may be 
taken for the ſquare roots of the areas at the ſeveral diſtances T K, 

| OGcDxTL 
Ta, T 2a, Kc. and therefore (by theo. 89) e ee = 3 


Tal x:e+a: _ OEPxTa 


— ſolidity of T CD, likewiſe — 
I 3 3 
— ſolidity T E P, now 5 Ce Taaa the difference of the 


two ſolidities is manifeſtly = the fruſtum CD FE, in which expreſ- 
ſion, by writing 2a, 3a, 4a, ſeverally for a we ſhall have the required 
yalucs of A, B, C, D. 


yiz, | | zaaeHgace mann, 
3 | 
| . 6aceFÞi2aaet Bana #- Ta 
| | 23 
ang} 3 gnee+27aaet27232 © $5 *L32 
+ 484 22 
12aee 48a ae + 64442 __ v 2 
172 5 4: 3ee+geabant== 
222 6 3: 3ee+ bea E Aa: = = 
3732 7 . zee . e 9 === 
1 8 J: ea I gaa IE.” PREY... 
3 4 24 
8X3 9 49 ASK <2: 
1 
9＋5 110 1 36e - 12 ea L 1623 : 2 TN 2 ; 
| a 32 22 
10X4a |11|+: 12cca + 48 ea + 64222: =44 N 
A 3. B.:=—=D 
TIN 24 


33 appears by the fourth ltep, Theo, 127. 
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Again, if a = La the height dd = the area at CD, alſo, D D 
the area at E F, and e = difference between the ſquare roots of theſe 
two area's viz. e D d, then ed D, which put in theorem 
106 inſtead of b. we'll have: dd +de + See: Xa = fruſtum 
CDF E, now if za be put = any depth as L 2 a, L3a, &c. then 
by the property of the A it will be, as a: e:: z a: ze, by which 


we have dd d + 2e 1c XZ a, S that fruſtum whoſe depth i; 
Za, Theo. 128. | 


PROBLEM CLXXXVIII. 


To inveſtigate theorems for the ſurfaces of ſolids. 
2123. To underſtand the ſurface, or ſuperficial content of a ſolid, 
imagine it to be ſewed in cloth &c, and then this cloth to be ripped 
open and ſpread out flat, and meaſured in this poſture as a plane, will 
give the ſuperficial content of the ſolid, from which it plainly appears 
that if a — the periphery of the leſſer baſe, A — that of the greater 
| baſe, and e = the {lant length of any ſtreight ſided fruſtum, we'll (by 
theo. 26) have, :a+ A:X4e=C, the curve, or convex ſurface, 
Theo. 129. 

And if a = A, then e A C, the convex ſurface of any priſm, 
eylioder, &c. Theo. 130. | | 

If a o, then à e A C, the curve ſurface of any cone, &c. 
Theo. 131. Convex, or curve ſurface, means the ſuperſicial content, 
of the ſolid without its baſes or ends. 

214. If the ſemi-ſeQor, B Ie, be turned about the radius B I (fig, 
135) its manifeſt, the arch e I will deſcribe the ſegment of a globe or 
' ſphere, every point in the ſaid arch, as v, e, &c, deſcribing the pen 
phery of a circle the ſum of which peripheries are = the convex ſur- 
face of the ſaid ſegment; therefore, any part of this arch, as e v may 
be taken as an ahſciſſa, and that the periphery deſcrib'd be v or e, 
as an ordinate to that abſciſſa, let the arch ve be very ſmall, ſo as to 
be eſteemed a right line, which will be (by the nature of the circle) 
at right angles to the radius e B, ſo will the As Bae, and vn e be 
fimilar (yn being || BI) and therefore as ea (y) : e B (r):: vn (e); 


Dave the abſciſſa, let c = periphery to the radius r, then as r: 0 


A 


225: = = periphery to the radius y, which multiplied by the abſcil3 
F (ſee art. 198) gives I =ce C, the curve ſurface deſcribed 


— — — 


1 


by the arch ve. Theo. 132. 
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And if p 3,1416, and d =e =2r, the diameter of the whole 


eircle, then c = pd, and ce = C, becomes = pdd =C, the ſurface 


ef a globe or ſphere. Theo. 133. 


Becauſe 4 pddd =S, (ſee theo. 93) and pd d C, Genese, 3 5 


Cd =S, for the ſolidity of a globe gr ſphere. Theo. 134. 


It appears that e=vn=q a, may be taken = any part of the radius | 


IB whence ce =pde = C = curve ſurface of any ſegment, fruſtum 


or part of a fruſtam whoſe height is e, and therefore, as d: pd d:; 


ML 985 =pde, that is, as the axis of a globe is to its ſurface ſo 


is the height of any ſegment &c. to its curve furface. Theo. 13 5. 


The ſurfaces of the ſpheroids &c. being tedious to turn without 


fluxions, ſee them &c. in prob. 190. 


PROBLEM CLXXXIX. | 


Shewing the inveſtigation of a new and ſwift converging ſeries, 
for the areas and ſolidities of curve-lined ſpaces, &c. 


215. Let e gan abſciſſa to the ordinate y, and de * * 2 Tes 


=) the a 1 of che curve, firſt involve 2 fe en to the mth power 


n_mM—I 20, m 2 


and it will bez I mfe 2 * vx knit ffe + 


e which multiplied by den L, and by the abſcifla e, and then 
each term divided by the index of e in that term (ſee art. 198) we 


pn m r 1 
will have de 8 + mfe — 1 
n P P+1 8 2 
fre 20, M3 | 
+ &c. = A the required area, but to make the ſe- 


pP+2 
ries converge faſter, let v z ＋ fen then z v fen, which being 
put in the laſt ſeries inſtead of of 2, and then each thang involved tg 


the mth power we will have, 


N 79 W „ OT 
[l | r . n : m zn PE 
Te 16} „ 
| 8 P+1 6 - i 
| 30 | mem 1 — a 
N 5 2 2 * 
U 
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im mem 1 fen 
Now by collecting theſe z laſt ſteps we have —_ 7 iN 4. 

T 23 

| m—2cc. 2n 
BRIE e &c. where the law of continuation is plain 
Pep, Pp 2, 

pn. m n 
now this multiplied by de „becomes 2 ** 1— — 
n has V* p-þi* 


e 
v**p+1*p+2 


gure may be had nearly, in a few terms, as for example. 


Let — X:ae Pee: yy, or e Nec 22 (ſee art. 189) 
= xv exw:a Te: which compared with the general equar 


” — — 7 
tion d eP? Fx2+teo| =), it appears that —= =d, e c, nr i, 


pn - 1 =, ergo, pA, ag, fl, m, vage, which 


put in the laſt ſeries, we will have A=4y x: E 
> 1 1.3.5 v 
— = &c, for the area of an elliptical ſegment if you 


3-5-7v* 5 7.993 
write + for , but for the area of an elliptical ſegment if you write 


— for +. Theo. 136. 
And if a = c, the _ ſegment becomes a circular one, vz. 
A=4y dvx: r eee + wal —&c.the area 
4 77 3 $-76d $.7.993 
of a circular ſegment whoſe verſed line is v, diameter of the circle P. 
and d =D—v. Theo. 137. 


Again, for ſolids, let q = 3, 1416 —, then 3,1416y y =qae + qe® 


= 3 e X: 2 Te: which compared with the oy equation dern 
&c. we'll have q d, ee, n=1 10p = Sa, f l and mæ 
1, by which the general ſeries becomes qc © X:a Te 2 4 


2 


0: Adee + + qeee=5S, the ſame in effect with theorems #1 
and 90. p 


* kd — £ — s. 
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PROBLEM xc. 


To mea ſure any plane or ſolid without its equation given 


216. If inſtead of taking a, b, c, d, &c. (ſee prob. 172) for a ſeries 
of numbers, we take them for as many ordinates at right angles to an 
abſciſſa e 28 C (fg. 31) and v diſtant from each other, viz. aa, aa, 
&c, = v, now if y = any of theſe ofdinates, a = the firſt of them, and 
n = the number of ordinates between a and y, or n+ 1 = the whole 
number of ordinates, it is manifeſt, from ſteps 10, 11, 12, of prob. 


172; that y=a4nA+nx B+nx- 
2 2 

4 &c, now if e = the abſciſſa, or diſtance between the ordinates a 

and y, and v = the diſtance ai each ordinate betwixt a and y, 


its plain that nv e, therefore, n = D. which put in the lat equa- 


tion inſtead of n, and reduced to ſimple terms will be y = 24 * 


ecB eB, e*C ecC 10 &c. which multiplied by e, and 


„ 2vy 3 
eact#term divided by its index of e (ſee art. 198) gives A = e K a + 


2 ecB eB 4188 ee C + we the area 
2 3.2vv 2.29 4vvy 3:2vv. 2.35 

of that ſpace whoſe abſciſſa is e, and ordinates, a, b, c, d, &c. to Ys 
let the equation of the ſaid ſpace be what it will, hence, if we take 
two ordinates, then e = v, and B, C, &c. (as appears from ſteps 7, 8, 


9, prob. 172) are = ©, therefore, area=cx:a+4A: butA=b 
— 2 (by ſtep 6, prob. 172), therefore, area=e x: a + b — a 


82 = 


Lex :a+b: again, if three equi - diſtant ordinates be taken hos (by 
ſteps 8, 9, prob. 172) CS, &c. 2 B a- 2b e, and here & 


. 1 e XA 


| 3,2 vv 3.2 v 
+A+ZFB—-SB: ex: a4 4b e: and thus going on by 
taking · e =v, 4e , Je =v &c. you'll get the following tables, 
giving the area when 2, 3, 4, 5, &c. ordinates are taken, in which 
(for brevities ſake) I put A = the ſum of the two extream ordinates 
B = the ſum of the next two, C g the ſum of the next two &c. viz, ' 
if there be taken five equi-diftant ordinates a, b, c, d, f, I take A =3® 


e = v, whence area g e x: a 482 
* 


＋f, Bb d, and c do. 


_ SMT 
— . — * 


— = wy 


4 — 
— a = 
— 


U = - = 
0 o = . 
_ - : * 1 
b N 
— I — ww 5 
a ——ä— — — 


2 1 
- <> = n — 0 
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28 Ax testa b: xe, 
| 3 ; A+4B:X —=+4b+c: xe. Theo: 139, 
5 
| 4 | £qui- | :A+ 3B :X—= Kc. 
1 diſtant 3 
1 ordi- |, 1 
| So; | 5 | nates rn 
| now are ta- 
when ken I 5 
YL B G 
H 1 5 che 2. 19 A＋75 B ＋ 50 * 288 
4 rea is | : 
Ky 17 141 A＋216B＋27 C+ 272D:x — 
1 X 
| | | 
4 | 75TA+3577B+1323C+2989D:X de. 
17280 


It is proved in what follows that three ordmates being taken, one 
at the greater end, one at the leſſer end, and one in the middle between 
the two ends of any ſpace to be meaſured, will by this method give 
the content near enough for common ule in any figure whatever, for 
which reaſon the table of three ordirates is noted with theorem 138, 
if ag e A, b=EFande = AD, ( fig. 132,) then per table of two 
ordinates, we have area =: a +b: xe, the ſame with theo. 26, and 
if a =o, then g eb S area, the ſame with theo. 24, &c. 
217. The ſame things hold alſo true in folidities, for its plain by 
the proceſs, that there is no difference whether a, b, c, d, &e. be ta- 
ken as areas or as ordinates, therefore, if they be taken as ſpaces, or 
2reas, then the above tables give ſolidities inſtead of areas, fo that if 
a and c = the areas of the two baſes of any ſtreight ſided fruſtum whoſe 
length is e, and b an area in the middle between a and c, then Va and 
Ve Sa kde of a ſquare at each end, and by the property of ſuch a 


ſolid 2 Mb, a fide of a ſquare in the middle, whence, 4b 


=a+24/ ac c, which put in theo, 138 for 4b, we get: 2a + 
24/ac+2c: xe, the ſame with theo, 108. If there be ſuch a 
priſmoid as that T D =a, and ted = c, the areas of its two ends 
or baſes, and if D and d be parallel as alſo T and t, then by the pro- 


perty of the ſolid I $2 +4 E b, the area in the middle be- 
n 

tween the two baſes a and e, fozb=T+ixD+d = DT 4+ 

Dt +dT +dt, which values of a, 4 b, and c ſubſtituted in theo. 138 


AND MECHANIC. 185 


gres, $=:2 DT +Dt+dt+ 20t: * the ſolidity of the 


riſmoid. Theo. 139. | 
; Again, for the hoofs of a ſquare pyramid, let DA fide of the 


greater baſe, d = that of the leſſer, and e = the hoofs height, then 4 

=DD, b=P+2x2+%=+5: DDT d, and eo, fo by 
2 2 

theo. 138, S=:DD+=Dd: x 4 the ſame with theo. 115. 


If h = the head, b = the bung diameters, m = a diameter in the 
middle between the head and bung, and e = the length of any caſk, 
whatever, then p bb =a, 4pmm= 4b, and th =c, fo: a+ 4b+ 


rx =; bb +4zmm+hh: x + pe = the content of that caſk 


either true or very near; or = the ullage ol it, if b, h and m be verſed 
fines of theſe diameters. Theo. 140. | 

For (by theo. 66) 4mm = 3 bb + hh, which put in the laſt theo. 
for 4m * gives: 4 bb +2 hh: g pe S,; the ſame with theo. 91, 
alſo, (by theo. 64) 4 mm = 2bb + 2 hh, which put in theo. 140, 
for mm gives: 3bb + 3hh: Xx+pe =S, the very ſame with theo. 


— 


102. Again (by theo. 65) zm m EH =: bb +6bh 4 
: vi 


hh: by which theo. 140, becomes: 13 bb +6 bh +5h? : x TX 
8bb +4bh +3hh_ 


5 
=£< x: 64bb + 32bh + 24hh : this taken from I pe x: 13bb 


120 
+6bh+5hh, viz. from as pex: 65bb+30bh +25hh: 


leaves d pe x: bb - 2hbæhh: pe b h too much 
which is all that any of theſe theorems differs from truth, and is ſo 
ſmall, that in gauging, the error cannot exceed 2 part of a gallon, 
but if inſtead of taking h, m, and b, as three equi - diſlant ſpaces, we 
work with them as 5, viz. h ＋ h = A, the ſum of the two extream 
ones, mm =B, the ſum of the next two, and b C, the middle 


one, then by table 5, we have 27A 3234120 * X 55 8. 


e p =S nearly, but (by theo. 100) S A pe x: 


wherein A=phh +phh =2phh, B=pm' +pm* =2pmm 


bx! —— and C pbb, which put for A, B and C, in the ſaid 


I 
It 
| 
' 
i" 
| 
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table, becomes: 14h hb + 3 Job] + 12 bb ep X : 48 


90 
bb 24bh 4 18hh : 8, the very fame with theorem 100. 
If enge (fig. 31) be a part of a ſpheroid's fruſtum, let c CI, a= 


CT, b na, the radius of the greater baſe, hn a, that of the leſſer 


and e = aa, the fruſtum's length, put 2 = C a, then by the property 


of the ellipſis, (putting n = =). 


1 20 XK :½a2 - z E: 2 bb 
25 enX:iaa—(z ＋e ) ZZ — 2e — tee: g 2hh 


2 
— 2 

3 40 NK :22— (14% ) zz ze - Zee: g 4m m 

4 | An Xia —ZZ:—4ze—cc;:=2bb+2hh 
24 5 nee=4mm—2bb 

2 h h, org mm =nee+2bb+ 2lh. 
6 | : bb +hh+4qmm: xe Es by theo. 138, 
7 


:3bb+3hh+nee: xFep=S=—: — 


| | GEE : Xx pe. Theo. 141. 
6 | 


Or putting h and b whole diameters, m i in the middle be- 
tween them, then p muſt be = ,7854 inſtead of 3 1416, and then 8 


,o»+ah_ 2ncc x pe, for the ſame ſolidity true as found by 


2 3 
other methods. 
218. By this method we may alſo approximate the center of any 
curve, or ſpace of a given equation and that in a few terms, by what 
any common ſeries can do, as for example. Required A the area of 


a curve whoſe equation is * =Y, let the abſciſſa e be divided 
Ile 


into 6 = parts, and then we will have theſe 6 equi - diſtant ordinates, 


1 1 1 1 U 1 , 
: ; ö a : , which 


I+7z 1+; 1+ # I+# 13 175 

reduced are I. 5, 5, F. 178. 12, 14, fo by table 7, we have A 1 
b, B=$ e = 1,4025974, C=$+ g 1135, Def 
o = 0,6666666, whence 41 A + 216B + 27 C + 272 D= 


VIZ. 


582,2443717, which multiplied by 875 wia. 105 gives o, 6931479 


SA, which by article 113, is the hyperbolic logarithm of 2, (for 


eee &c. the ſane ſeries as you'll ſee there) and would 
1e 
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require 1000000 terms of that ſeries, to get 6 places of figures true 
as is here done by only 7 terms, and by taking e = 2, 3, 4, &c. you 
may have the hyperbolic log. of 3, 4, 5, &c. | 

Note. What is here ſaid of areas, is true of convex ſurfaces. 


PROBLEM CXCL 


An equation being given, to find the greateſt or leaſt of its values 
poſſible, called maxima and minima. 
219. If a be an indeknitely ſmall quantity, and b +a 7e, as alſo 
b—a . e, I ſay that b e, for by tranſpoſition, by e- a, and b /_ 
e + a, but a being indefinitely ſmall, can by adding or by ſubtracting 
make no alteration, and therefore, in ſuch caſes may ſtand as o, vize , 
be o, and b Cee, conſequence be. 


220 In the equation p q -t ben — e " =m, wherein p, q, t, n, 
b. v, m, are known quantities, and e a variable quantity. let the value 
of e, be required when m is a maximum, or the greateſt poſſible ſo- 
lution, let a =an indefiauely ſmall quantity, and put f=p ꝗ - t, and 


z* ben then the equation will be f + 2 em. and let z and 


e, each have a added, then mf 2 +a| — e+ al” = ( by 
— T 8 n—3 


; n 
evolution) f +22 +naz + nX aa 2 + &c. — 


2 
eie enen former part 


2 
of this equation being a maximum is greater than the latter part there- 


of, that is f+-z*n -e 7 t+ 2% +naz n 


* — * v — ; 
* + Ke. e vac” 3 ee 2 &c. (which 
a 2 


by tranſpoſition and divifion becomes) ve 72 n ne 


Ke. - YC ene 


2 2 
a, for 2 ＋ a and e a, and proceed in the ſame manner, you will find 


» Ann 5 a &c. + Vx Y = a &c. but 


a &c, Again, if you take z—a and e 


g - 2 
a being ſmall, all the terms multiplied thereby, may be rejected, as 
being Zo, and then we'll have ve 72 uo, and ve 


| 


. 
j ' 


4 
o 
[ 

| 


: 
: 
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V—I , _ | _ = 
n o, whence by art. 219, ve ? 1 nz 3. 


„ — — as 
= © - ö 


whence we have. 

221. This rule viz. having got m the maxima &c. on one fide of 
the equation, and the other ſide conſiſting of one variable quantity e, 
and its powers, in at leaſt two terms, then multiply each term by its 
index of e, and from the ſaid index of e in every term take unity, 
which done for m write o, ſo you'll find e, and if there be any terms 
in the equation not engaged with e, ſuch terms vaniſh, as is plain 
by the above proceſs; by the ſame 1ule you find a minimum, which 
is only known from a maximum by the nature of the queſtion, the 
one being contrary to the other. The above proceſs alſo demonſtrates 
the method of fluxions, and by the rule ſuch expreſſions may be flux- 


ed, thus, the fluxion of f + e is ve Te, that of ae, is = 


. for vac 221 de zrae x a—4 ac, to 
24/ae | 
which join e, and you have the fluxion of Va e, hence, the ſluxion, 
of any expreſſion made S o, gives the maximum or minimum, of that 
expreſſion. : 

222. Let it be required, to divide the quantity b into two ſuch parts 
as being multiplied together, may produce a maxima, let e = one of 


ve 


the parts, then b e mult be =the other part, ſo e x: b - e: geb 


ee m and per rule, b — 206 , whence, e : b. Theo. 142. 

Alſo, if e x: b —e : were to be a minima, we would by the ſame 
proceſs have e = + b, but then its plain, the leſs we take e, the lets 
will be the product, ſo in this caſe e muſt be indeſinitely ſmall, and 
thus it may ſometimes happen that a maximum or minimum, may be 
had by reaſoning from the nature of the problem. Again, if b is to 


be divided into 3 ſuch parts as that their product may be the greateſt 


poſſible, let b e, S one of theſe parts, chen will e =ſum of the 
other two parts, but (per laſt theo.) the greateſt product that can be 


© 


made out of the ſum of any two parts of e, is Texte, fo x 


8 bete abe — zee 
Ab e: 2 5 1 rule, — : 
=0,0r2be—3ee=0, or abe g zee, or 2b—=3e, whence, ez 
£ b. Theo. 143. 

Required e, the axis of the gregteſt cone, that can be cut out of 
the ſpheroid whoſe axis is a, and radius of its greateſt circle c. 
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1. By the property of the ellipſis we have 4 x ae e 


a4 


which multiplied by pe gives 6 ace - eee pey ys the 


a a 
cone m, ſo per rule, L. : za e- zee: o, Whence e 
4A A 


2, but if e the axis of the greateſt inſcribed cylinder, then per faid 
property, — X:2ea—ee: =)y = U radius cyliader's baſe, which 
a 


multiplied by p e gives 75 X: a a0 —cce:; = peyy = its ſolidity 


m, fo per rule, 75 X :22 — zee: go, whence e= a y/ +, theſe 
ag 


alſo hold true in a globe, becauſe cis out of the equation. Theo. 144. 
Required En (h) the axis of the greateſt cylinder, that can be cut 
out of a given cone Av B (fig. 127) whole axis vD = a, diameter 


AB of its baſe = d, let e EF the diameter of the cylinders baſe, 


then per ſimilar As, as a: 4 d:: h: , ergo, b= . 
2 | 


Let Tre, then c K: d -e: h, then pech = cp x dee 


eee = S the cylinders ſolidity, which ordered by the rule, will give 
e d, whence *. d—-e:= T7 X:4$e—e=zac+3cz 
* 2=h, Theo. 145. 

Required e, the axis of the greateſt cylinder, whoſe diameter is d, 
and diagonal a, here, aa — e ed d, andpedd px: aae —eeet 
Sm, ſo per rule, aa 3 ee go, whence e =a V, which is alſo — 
the axis of the greateſt cone that can be made out of a ſlant fide a, 
and baſes diameter d. Theo. 146. 

Required e the diameter of the greateſt cylinder (open at one end) 
made out of a given ſuperſicies c, let S S its ſolidity, a = ,785 4, then 
4 = curve ſuperficies, and a ee = area baſe, ſo 42 Tace g 48 


Taee gc, = m, a minimum, or the leaſt ſurface out of the great - 


; ' — 2 
eſt ſoldity, ſo per rule, 48e + nac=0, or aae =o, or aa 


48 2 
0 vhenee e Al- Theo. 147. -- 
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223. If q be a variable quantity and * * q Ro "Tr th = m, 
then per role, U / T, Ain. we take 2 


then n ＋ „ =nz 5 q* + 9 — 2* = a 
Theo. 148. 
Again, Md 2 w, firſt (by : (by art. 226) d 25, ”, becomes 0 + 


NONE ans | 


+a x which call i, alſo d+z*|' becomes v xd 2 ; 
which call w, then t wn a ed —0. Theo. 149, 
By theſe two laſt theorens you may find the maximum of a ſurd, 


or of a ſra&jon &c. thusif, EIT Dun, = £80 Cx 


eee CT UNC. Here t = ze ( Q, and w =x 

dere Cre rc XK 1 ſo (by theo. 148) tw x<SQC 

+S$QCx: ee FEC CCIE == © == 

SST ECTEQ:X—SQC, SCQ 

. . ̃ ⁵˙ w . Wh 
ee TeCTe CTAN NC Tee * 
Daze -e ge Qgee re Cre s, and fo Cres. 


| ee - eee — Da 
Again, if ——— 3 22 = m, S: ee - cee: X LEN » here in 
— — n 
hel „t gor, andy: ire 1. Sk 148) 
ewx:cec—pec:+:2c—3ee:x IT x 
reg 
r eee. an 
* el 
ze ee So, whence ee Te = 1, ſo (by art. $1) e= . 
2 
= ©,61B0 fc. for any ſuch like, 


PROBLEM CXCI. 


is and the 8 following problems, contain the theory of mechanics, 
but firft of definitions, 
224. By mechanics, is meant the forces, velocities, motions, actions 
&c. of bodies pne upon another. 
225. Motion is a reſtleſs ſtate, or continual change of place of a body, 


226, Uniform motion, is when 4 body moves over equal ſpaces in 
equal time, 
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927. Velocity, or ſwiftneſs, is that affection of motion by which a 
thoving body runs over more or leſs ſpace in equal times. 


228. Accelerated motion, is when the velocity continually increaſes 
but if the velocity continually decreafe, its called tetarded motion, if it 
increaſes of decreaſes uniformly, it is equally accelerated or retarded, 
Alſo, if irs motion be conſidered in regard to ſome other body at reſt, 
its called abfolure motion, but if the motion of a Body be confidered 
with reſpe& to forte other bodies alſo in motion, its called relativ 
motion, and that way it moves is its direction. 

229. Momentum, quantity of motion, or impetas, is the power or 
force, with which a moving body ſtrikes another body at reſt, or is 
the motion a body kas both in reſpect of its velocity and matter. 

230. Celerity of motion is that affection by which a body paſſes 
over a given ſpace in a given time, or what is called the ſwiftneſs or 
ſlowneſs of motion. | 

23t. Compound motion, is that which is produced from different, 
powers acting in different directions, Sir I. NEWTON has eſtabliſhed: 
and divided moticn into theſe three general laws, viz. 

232. Law 1. All bodies continue their ſtate of reſt, or of uniform 
motion in a right line, till they are made to change that ſtate by ſomg 
external force impreſſed on them. 

233. Law 2. The change of motion produced in any body is always 
proportional to the force, whereby it is affected, and in the ſame di- 
rection wherein that force acts. 

234. Law 3. Re- action is always equal and contrary to action, or 
the action of two bodies upon each other are equal, and in contrary 
directions. 


235. Body is the mafs or quantity of matter, if a body yields fo a 
ſtroke and recovers its former figure again, its called an elaſtic body, 
if not its in-elaſtic, or a non-elaſtic body. | 

236. Denſity of a body, is the ratio of the quantity of matter it 
contains, to that in another body of the ſame bulk. 

237. Force is a power exerted on a body to move it, if it act but 
for a moment it is called the force of percuſſion, or impulſe, if it act 
conſtantfy. its catted the acceterative force, if conſtantly and equally, 
it is called a uniform aceelerative force. | 

238. Gravity, is that force wherewith a body endeavours to deſ- 
cend towards the earth's center, Abſo ute gravity, is when the body 
falls in free fpace, and relative gravity when it deſcends in a fluid. 


Allo, ſpecific gravity, is the greater or leſſer weight of bodies of the 
lame bulk, 
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| 239. Center of gravity of a body is ſuch a point in it, as that the 
| body being freely ſuſpended on that point, would reſt in any poſition. 


240. Center of motion of a body is a fixt point about which a body 
is moved, and axis of motion is a fixt line about which a body moves, 


241. Center of oſcillation, is that point in any pendulum into which 
if its whole weight or gravity be collected, the time of its vibrating 
will not be altered thereby, and is the ſame with the center of percuſ- 
ſion in bodies that move about a fixt point, but when the body moves 
in a parallel direction, the center of percuſſion is the ſame with the 
center of gravity, and in either caſe, is that point in which the force 
of the ſtroke is greateſt. 

2242, Friction, is the reſiſtance ariſing from the rubbing of bodies a- 
gaiuſt one another. | 

243. The length of pendulums &c. are meaſured between the cen- 
ter of oſcillation, and the axis of motion, or pin on which they hang, 
the pin being very ſmall. | 

244. It is manifeſt from art. 239, that the whole weight or force 
of a body may be conſidered, as acting, or contracted into its center 
of gravity, and though lines and ſurfaces are conſidered, as having no 
weight, yet if they are taken with any thickneſs as the baſes of ſolids 
&c. they mult have weight and conſequently centers of gravity. 

» 245. If a right line be ſodrawn thro” any plane or ſolid, as to biſect 
all the ordinates or ſpaces which compoſe that plane or ſolid, this line 
is called the diameter of gravity, becauſe the center of gravity is al- 
ways in ſome point thereof. ſo if any rectangle have drawn within two 
diagonals, the interſection of theſe diagonals is its center of gravity &c. 


246. Axis of ſuſpenſion, aline at right angles to the axis of motion, 
247. Equilibrium, the equality of weight, of bodies keeping one 
another at ret. 

248. In the following theory, all planes are ſuppoſed to be perfect- 
ly even and ſmooth, all bodics perfectly ſmooth, except it be mention- 
ed otherwiſe. 

240. All lines ſtreight, levers, inflexible, chords or ſtrings, pliable 
and without weight, unleſs expreſſed to the contrary. 

250. Rare, or lightneſs, little matter under much bulk, and is op- 
polite to denſe. | 
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To demonſtrate the univerſal laws of motion. 


251. Let q = the body, or quantity of matter in the body to be 
moved, f = force adding on the body q, m = momentum, generated 
in q. v = velocity, generated in q, S = ſpace deſcribed by the body q. 
in the time t, with the velocity v. Then. firlt in all kinds of motion 
m is proportional to q v. for us plain, if the velocity be double, the 
quantity of motion m will be as 2 q, if the velocity be treble it will be 
as 3 q &c. conſequently, if the velocity be v, m will be as qv; other- 
wiſe, ſince v acts equally on every particle of matter in q., its plain 
that m will be as 2 v, 3 v, 4 v, &c. if the particles of matter be 2, 3, 
4, &c. conſequently, if the particles of matter be q, m will be as ꝗ v, 
Secondly, in all kinds of motion 8 is, as t v (252) for if the velocity be 
uniform, viz. if a body moves v miles every hour, its manifeſt. that 
in 1, 2, 3, t hours, it will move rv, 2v, 3v. -t v miles, or the 
ſpace 8, but if the velocity be uniformly accelerated viz. be 1, 2, 3,--* 
t, in the 1ſt. 2d. 3d. --» t th equal parts of time, then S = 14+ 2+ 3 
t, = by theo. 24) 4 tr, but, as the time increaſes, the velo- 
city alſo increaſes, therefore, t is as v, ſo 8 A tv, or S is as tv, as 
before, Alſo, becauſc v is as t, therefore, in this caſe 8S g tt, 
becomes, S Zu, or S Cv, (253) hence it appears that in uni- 
form motion, if the time be given, or conſlant, S oC v and if the velo- 
city be conſtant, then S CC t, but in uniformly accelerated motion, 8 
vv, when the time is given, and ScC tt, if the velocity is given, | 
but in both motions we have S t v. 


254. In gay uniform motion, m is as f, for if no force act on the 
body to At it in motion, it will have no momentum, therefore the great- 
er thy quantity of motion, and becauſe the velocity is ſtill the fame, 
we mult always have m cc f, let the time be what it will, but in uni- 
9 motion, where the velocity, and conſequently the 
force, tpcreaſes with the time, we muſt have mc t f. | 


255 From theſe articles, by uſing the ſign c as it were the ſign =, 
we'll have the following theorems, from m, & ꝗ v, S & t , f & m, 
and m, C t f, viz. 


f mt 


m .St | 
qJX 5 X T. Theo. 150, q &, &c. as before, 


8 8 | b 5 m 
t BF. Sq 42 8 —. 
3 7 Theo. 151, tc f K Y 7 


S mee 18 7 
v A &. Th „ » '- fon | t 
9 q q 4ACco. 152, v q T 
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AY WH | | vv . frr 

8 c t „ Theo. 153, 0 

m f K oc . Theo. 154, m ft. 

ſcm CV & T. * 155, fox NN CC WR 


Theſe on the left fide of the theorems, are for uniform motion. and 


thoſe on the right for accelerated motion, and if m Oc f, or m CC tf, 


were alike, (ſee art. 254) theſe theorems would be the fame in boch 
motions, and therefore, if what atiſes from art. 25 4., be entirely left 
out, the proportions on the left hand fide of the theorems, will hold 
true in both motions, 


236. Of comnound motion, let us ſoppoſe a body to be moving from 


A towards B, (fig 143) in the direction A B. but by ſome force act- 
ing thereon, is compelled to move in the direction A D, or which is 
the ſame thing, if while a body would move trom A to B, the A 
AB DF, would move from 4B to DF ia the ducction A F = BD, 
ts plain the body by this compound motion, would in the fame time, 
deſcribe the diagonal AD, that it would deſcribe the line A B, in by 
its own motion, that is, while the body by its own force, would be 
carried from A to D. Hence, if AB exprets the force uf the body, 
then B DAF, will expreſs that of the impreſſing budy, and A I), 
the joint force or effect of both A B and BD (= A F) viz. force AD 
= force A B + force BD. Theo. 156. 

Hence, if a body at D, acts on an obacle, or plane AB. in the di- 
rection D B, and with the force DB, let fall the L DC, and com- 
pleat the rectangle B CD E, ſo is force D B — force DE = torce E B, 
(by the laſt theo.) whereof force EBD C, acts perpendicu arly a- 


gamſt the plane A B, but force D E acts parallel thereunto and ſo can 


avail nothing ſo in this caſe force DE o, and ſo force DCS the 
whole, or greateſt force poſſible of DB, againſt the plane whence the 
greateſt force impreſs d, is in a tine DC, perpendicular to the plaue 
of the obſtacſe. Hence appears, the method of dividing one force into 
two or more forces, for if D A expreſs the force of a body at A, in 
direction DA, and it be required, what part of that force ads in any 
other direction BA, then if from D you let fail the L DC upon the 
ſaid B A. you'll have C A for the required force, viz: as DA to CA 
ſo is radius to co · ſine L AD C fois — direction D A to force in 
direction D A to force in direction BA. Theo. 157 


Alſo, if a body at D acts om a plane B & in direction D B. and it be 
required what impreffion it makes on the ſaid plane, ſirſt let fall the L 


D C, then (per laſt theo.) as PB: the bodies whole force : : PC 


S „ -a 
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that part of its force which acts on the plane BA, and is as radius ; 
the fine of the incident L CBD. Theo. 158, | 


If there be any number of forces, ſuppoſe 3, A, B. C, (fig. 144 
ading agaioſt one another in the point D. ſo as to keep one another 
in equilibrio, viz. force of C both the forces of A and B. firſt produce 
AD and BD, and compleat the DICH, of which DC is a dia- 
gonal. 
Now its plain, if a body be kept in equilibrio, the contrary forces in 
any one line of direction mult. be equal, viz. force in direction AD = 
that in direction I D. &c. or the body cannot be in equilibrio but wi 
move, if theſe contrary or oppolite forces do not deſtroy each other, 
which they cannot do unleſs they be equal, whenee if D 1 = CH, ex- 
preſs the force of A, then DH = CI, will expreſs the foree of B, 
which two forces (by theo. 156) are = CD; but the force of C is 
alſo = theſe two forces, fo CD is alſo = the force of C, whence the 
forces of A, B. C. are as DI, IC, CD, or before the ſides of As, are 
as the fines of their oppolite Ls, there alſo holds true viz. as DI : CI 
(A:B);:$.LD Cl, or CD B: 8. LC Dl. or CDA, andas C 
:CD(B:C):;:S. £CDIorCDA:8LCHD, or HDL, or ADB. 
If there be ever ſo many forces acting againſt a point D, and keep on 
another in equilibrio, they may be reduced to the action of two equal 
and oppoſite forces by the ſame method, for if H D and | D, be two 
forces they are = the lingle force DC, &c. Theo. 159. 


257. The meeting of hard non-elaſtic bodies, if a moving body A, 
Whoſe velocity is V, momentum M, and weight or quantity of matter 
U, ſtrike another body B, whoſe velocity is v. momentum m, and 
weight q, and if e, be put = the velocity of both bodies after the ſtrok 
then (by art, 234) we'll have ſee Theo. 154. 


1.QV+qy=Qc+qe, 0 when the bodies 
more both the ſame way. 
Va 
2. Vaqr= e + E, foe = — when the bodies 
War CT aq 
Move to meet each other. | 


Whence in both caſes it will be A Theo. 160. 

Por its plain if the bodies both move the lame way, B will gain what 
A loſes by the ſtroke, but if they move the contrary way, or meek 
each other, then the greater momentum over powers the leſſer, and 
the bodies muſt both move in direction of that which bad the greater 


mancntum and wich the diſſcrencs of their momenuums, if B pe & 
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reſt before the ſtroke, then y =o, and ſo e = — * Theo. 161, 


| . Ft 
Again, becauſe the quantity of matter multiplied by the velocity 


oo 
(by theo. 154) gives the momentum, we'll have Qe= — — Qqv 
I. 


for the momentum of A after the ſtroke, and ꝗ e IS v & A 
QT4q 


for the mom. of B, after the ſtroke, whence QV— 225 * 


= 9 Lv + v — the momentum of A loſt in the ſtroke, and 
ER. | | 

conſequently = to that gained by B, but this Joſs or change of motion 

in either body meaſures the magnitude of the ſtroke, whceretfore, A 


and B ſtrike each other with a ſtroke always = Qq x Vir, or 
* 

oportional to V if they meet, but to V —v, if they more the 

me way, and if B be at reſt before the ſtroke, then v = o, and the 


magnitude of the ſtroke will be AN, or as V (becauſe Q ls 
T Q7q 


.+q 


conſtant), Theo. 162. 
If we put z the velocityof A, loſt in the ſtroke, and y = that of B. 


gained in the ſtroke, then, becauſe (by theo. 162) 5 ze, 


4 


the common velocity after the ſtroke, we'll have V — . 
| | q 
Wu NE r = y, which 

Q=q == "Wo W 
two equations turned into analogies gives, Q q: q: : V v. 2, 
and Q q: Q: V Y: y. in which for v write o, if B be at ref 
before the ſtroke. Theo. 163. 

258. Ofclaſtic bodies, or ſuch as give way when preſſed by the 
ſtroke &c. but after the removal thereof, reſtore their form again 
now if this reſtoring force is equal to the force of compreſſion, they ale 
ſaid to be perfectly elaſtic, but if theſe forces are unequal, their ratio 
is called the elaſtic force, and obſerve, that all homogenious bodies 
the ſame kind have their elaſtic ratio invariable, for ir mult be the 1am? 
in all bodies whoſe conſtituent parts are the ſame, now in theſe ſort of 
bodies the velocity loſt and gained muſt conſiſt of two parts, viz. ole 
from the force of compreſſion, and the other from that with which 


* 


(by foregoing 6th ſtep) b = 
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the parts reſtore themſelves, which parts axe equal in perfect elaſtic 
bodics, and in a given ratio in non- perfect elaſtic ones, now if a and b 
expreſs the velocities of A and B after the ſtroke, and 1: ras the 
compteſſing force is to the reltoring force, then by the luſt theo. we 


wall have 
1. 2 the velocity of A, loſt by the compreſling foree, 


<0 
2. SE 2 E the velocity of B, gained by 2 force. 
1xr 3 An — = the velocity loſt by A in 2 
2xr 4 N — - the velocity of B, gained by an 
1+3 | ;L USE Dy . the total velocity loſt by A, 


.me total velocity gain d by 


1 8 R 
| : I+r * X: Ver 3 q V v: 
v V mamma 2422 — — +V 
* = „ 
: 2 V2 wh 
65s SAN b 
fo Eb Tt + 
A nn} when r = I or the bodies are pers 
„ GT Y fectly elaltic. 


When the bodies move the ſame way, you muſt take the upper 
ſign before v, but if they tend to meet, you muſt take the lower ſign, 
and if B be at reſt before the ſtroke, then v o, alio, if we tuppoſe 
the bodies void of ſpring, or elaſticity, theſe two laſt ſteps will be the 
ſame with theo. 160, whence they are a general theorem in all caſes 
that can happen in the colliſion of elaſtic or non · claſtic bodies. Again 
if A (trikes B at reſt, and a cauſes B to ſtrike another body C at reſt 
with the velocity b, and if c expreſs the velocity ot C acquired by the 


ſtroke we'll (by theo. 161) c $99 (putting r + 1=S) or becauſe 
1212 | / 
n vill been 


; Q+9q :q+C:x:04q 
which multiplied by C gives S. = the momentum of 


* 


q＋ C: x: QA: 


— 
= A 
” 
— 


on 
— — — ſo 
_= CEE 5 _ 


* —_ — — 8 = 
3 — 2 — . — b 
”" 82 — © .* — * — — — — emo 
. ͤ¶AdVd!...]˙ N11 „ Os. tn. 


= — — — r 
3 = Gn = I: FE * 
— 5 — ky 8 
— — Oo — —U * 
— — g Og r = 
——— — — OF - 
m_ . P 
% 
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- 
E after the ſtroke, and if this momentum be taken a maxima, where. 
in q is variable, we'll (by theo. 149) have QC qq, viz. AC=BR 
hence as A: B:: B: C, that is B mult be a mean proportion between, 
A and C, that the velocity or momentum of C after the ſtroke may 
be the greatelt poſſible, Whence, if it be required to find (n) any 
number of bodies ſuch, that by the firſt ſtriking the ſecond, the ſecond 


| ſtrikes the third, the third the faurth, and ſo on to the laſt which be- 


ing ſtruck by the laſt but one, may have the greateſt velocity, and 
(conſequently the greateſt momentum becauſe the weights are conſtant) 
it is manifeſt theſe bodies muſt be in geometrical progreſſion, they be- 
jog all at reſt before the ſtroke of the firſt body) whoſe ratio let be e, 


and Q the ſirſt body V us velocity, then the wow body will be eQ 


2 af its velocity will become * — +4 » Whence SQeV. 


Q+9 Q4<Q_ e 1 ＋e 
will be its * conſequently the lalt body will be e Q, 


—— — 


its vclocity V, and its momentumiꝛ⁊y Q. 
14 * 1e 


In all theſe expreſſions, if the bodies are perfectly elaſtic, then r = 1, 


orr+1=S= 2, and if they are hard non - elaſtic bodies S goes out 
of the expreſſion. 


> 259. In all theſe caſes the bodies are ſuppoſed to impinge on, or 
ſtrike one another perpendicularly, but if they ſtrike one another ob- 
liquely the ſame things may be found after the manner of theo. 157, 
and 158. Thus ſuppoſe the body A, (fig. 145) to be moving in the 
line A C, with the velocity A C and the body B, to be moving in the 
line B C, with the velocity B C, and let the plane or line EF C, be 
that where the bodies touch each other when they ſtrike, or meet in 
the point C, on which E F C, let fall the perpendiculars AE and BF, 

which (by theo. 158) expreſſes the velocities wherewith A and B ap- 
proach each other, compleat the rectangles E G and F H, ſo A C the 
motion of A divided into two others A G and A E, to which the mo- 
tion in A G, is as A C to A G and AE reſpeQively, in like manner the 
motion of the body B is reſolved into two other motions B F and B H, 
to which the motion B C is as B C to B F and BH, reſpectively. But 
ſince AG and B H are parallel, the bodies by the velocities in theſe 
directions cannot ſtrike each other, ſo that velocity with which A, 
comes directly againſt B is = G C, and that wherewith B comes againſt 
A, is= HC, now let G L, be the velocity af the body A, from C to- 
wards L after the ſtroke (which CL may be found by the foregoing 
theorems whether the bodies be claſtic or non-elaſtic,) and becauſe the 
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velocity of A in direction A G, is not altered by the ſtroke (as afore- 
[4id), it mult therefore be the ſame both before and after the ſtrakes 
ſo make CM = A G, and cotnpleat the rectangle CLN, and draw 
the diagonal C N, which C N will (by theo. 158) expreſs the velo- 
city of A, after the ſtroke, in like manner you may find that of B aftet 
the ſtroke. of | 

260. In like manner it may be proved; that if a perfect elaſtic body 
u, be thrown obliquely in the direction and with the veloeity u Cagaialt 
a firm obſtacle G 1, the body will be fo reflected from the obſtacle as 
to make the angle of reflection n C L = the angle of incidence u C L, 
and the velocity C n = the velocity n C, for by letting fall the Lu L, 
the motion u C is reſolved into two motions u L directly againſt the 
obſtacle, and L C parallel thereunto, which L © being parallel can a- 
vail nothing, nor be any way obſtructed by the ſtroke, and will be the 
ſame after as before the ſtroke, ſo make C L = LC, and compleat the 
rectangle Cn, then becauſedy the nature of elaſtic bodies, if the body 
is thrown with the 2. velocity u L, it will be reflected with the fame ot 
an equal L velocity L, whence the reflected velocities are C L and 
Li: (LC and u L) = the one velocity Cn ( ſee theo. 258) e 
but ſince no bodies in nature are perfectly elaſtic, they muſt be ſome- 
thing longer in reſtoring their forms, and therefore, the E nCL will 
bc ſomewhat leſs than UC L. Theo. 164. 


PROBLEM CXCIV. 
Of the deſcent of heavy bodies. 


261. If from any part in or on the earth, a heavy body be thrown 
upwards it will fall down in direction to the earths center, as is ſeen 
by trial from whence it appears that this center is the center of gra- 
vitation, and that if a heavy body could arrive there it would be at 
reſt, Alſo, the nearer this center any body is let fall, the greater 
mult be its velocity, but the height to which we can project any, bo- 
dies being but ſmall in reſpect of the earths axis, the force of gravity 
may any where on the eartlis ſurface be looked upon as equal at 
equal heights, and to deſcend in parallel direction with aniformly, 
equally accelerated velocities, this kind of motion is treated of in the 
luſt problem which may be done by lines thus, let AE (fig. 145) de- 

note time and E C, velocity acquired by falling in that time draw Dy 
and v F parallel to E C and AE, then by ſimilar As, as AD: Dy:* 
AE: EC, viz. as any time AD is to Dy the velocity required its 
that ume, ſo is any other time AE, to E C, the velocity acquired by 
falling in that time, which times and velocities conſtitute the ſimilar 
ſpaces or As A Dy and AE C, Which ſpaces are as ADxDyvw 
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AE x FEC, and ſo is the diſtance deſcended in the time AD to that 
deſcended in the time AE. Hence, the diſtances deſcended, or fallen 
through; are as the times and velocities conjointly. Theo. 165. 

But (by theo. 36) as A ADv:A AEC::QAD: AE. or: 


Dy: EC, chat is the diftances deſcended, are as the ſquares of 
the times, or as the ſquares of the velocities. Theo. 166. 


If you compleat the parallelogram AE CG, uniformly deſcribed 
with the vclocity AG = EC in the time AE, to acquire the velocity 
AG=EC. Theo. 167. 

If a body in deſcending the time A E, acquire the velocity E C, it 
mult be thrown up with the ſame velocity E C, to come to the place 
from whence it began to fall in the ſame time A E, by the third law 
of motion, Theo. 168. 

At the point D, the riſing body will have the velocity Dy equal to 
that which a body would acquire by falling in the time A D, the dif- 
ference between the times of the deſcent A E, and aſcent E P. 
Theo. 169. 

All bodies of the ſame kind whether great or ſmall falling from a 
ſtare of reſt, will acquire equal velocities in equal times, for its evident 
that gravity acts equally on every particle of matter, and were it not 
for the reſiſtance of the air, which acts on all bodies according to their 


denſities, all bodies whether light or heavy, would from a ſtate of reſt 


fall equal ſpaces in equal times, in which they would acquire cqual 
velocities, from what is ſaid in this prob. it is evident, that the thco- 
rems hold true, whether the body delcend perpendicularly or ob- 
liquely, by uſing the oblique deſcent inſtead of the L deſcent. 


PROBLEM CXCV. 
The theory of pendulums and vibrating thords. 


262. Let AHB (fig. 146) be a half circle, with its diameter AB 

perpendicular to the horizon, and ſuppoſe a heavy body falling along 
AB, put v = the velocity acquired at D, and V = that at R, W 
(by theo. 166) as AD: vy: : AB: VV, ora ADñ: AB: 
v: V, and per ſimilar As, as A D: AB:: AE: AC, whence, as 
AE: VAC :: v: V, that is, if the heights be equal, the ac- 
quired velocitics will alſo be equal, whether the body deſcend per- 
pendicularly down A B, or obliquely along AEC. Theo. 170. 

Alſo, if T the time of .L deſcent from A to B, and t S that from 
A to D, then becaule the velocities are as the times, it will be as VAC 
:AE:: Tt, er as AC: AE: : TT: tr, allo if inſtead of an 
inclined plane A C, you take AC to be any curve, this and the laſt 
theo. will hold true, as will appear by dividing the ſaid curve AC into 


b 


an infinite number of equal parts which equal parts may be taken as 
right lines, and the velocities will be equal at equal heights &c. Theo-. 


171. | 
4 Again, becauſe an angle A H B, ina ſemicircle is a right angle, we'll 


by ſimilar As, have as AB: AH: : AH: OAH 
AB 


AH =+/ Al, =the velocity acquired at H, by falling thro the 
AB 
curve or inclined plane or chord A H, and becauſe (by theo. 165) the 
diſtance fallen thro' divided by the velocity gives the time, therefore 


AH + — AB the time of falling from A to. II. Whence 
Ag 

the times of deſcent along the diameter of a circle perpendicular to 

the horizon, and any chord A H or H B, of the ſame circle are equal. 

Theo. 172. 

Let d S the length of a pendulum, or 2d = the diameter of a cir- 
ele, c = any chord thereof, t = time of a heavy body freely falling 
thro' the chord c, v = the velocity acquired at the end of that fall, 
and let D, C, T, V, be the like things of another circle &c. then per 
laſt theo. as 2D: Va2d:: T: t, or as 2D: 2d: : TT: tt, 
and if the chords be very ſmall, C and c, may expreſs the arches 
themſelves, and then, the times of vibrations of pendulums in very 
{mail arches are as the ſquare roots of their lengths. Theo. 173. 

CC 


bo V, and v, whence as —< 
2D 


x) 2 D 2d 


CC . I 1 
: ry, and if So, then a8. Z: or as 2d: 2D» 


or as d: D:: VV: vv, that is the lcagths of pendulums are inverſe- 
ly as the ſquares of their vibrations. Theo. 174. 

If p = 3,1416, then in article 424, it is proved that #py/2d x: 
144. 202 | © ge NT UNS: [9 : 

* 2, 4, 4 dd 7 2, 4, 4, 6, 6, 8 dd d A 
the time of falling thro” an arch whoſe verſed ſine is a, diameter d, 
which when the arch is very ſmall, may be taken = 4 p4/2d, and 
(by theo, 172) 4/24, is as the time of falling down the diameter, as 


alſo down the chord, ſo as 4/ 2d : Pd, or as 1:4 p, or as 2: p 
: : the time of falling thro' the chord to the time of falling thro? the 
arch, :: the diameter to half the periphery, whence, as 2:P::t: 


25 the time of vibrating in a circle, down whoſe diameter 2 d, 2 


= A | whence 


Alſo, by theo. 170, 


— AT. 3. a i. 4 
- 
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heavy body would fall in the time t, the arch of the circle in which the 
pendulum (whoſe length is d) vibrates being {mall then as d: Jon 
220 2 t t, whence d = E., or as 1: 4pP :: D: d, 
d 

that is, as the ſquare of a circles diameter is to the ſquare of half its 
periphery ſo is the length of a pendulum vibrating in a ſmall arch, to 
the diſtar ce which a heavy body will perpendicutarly defcend in the 
time of one oſcillation. Theo. 175. 


Again (by theo 173) as Vd: te D: Tt 74 but if the 


pendulum d, be made to deſcribe a greater arch ot the ſame circle, 
then from the above ſeries, (by putting n = —), we'll have T =t 


5 | n ee 
— 2 —ů— 8 - — — &c. and 
d in 2,2 T 2, 2, 4 45 LP 25 2, 4, 4» 0, 0, 8 


if t = one ſecond of time, and d = D, then the laſt ſeries becomes, 
TSI += +2322 4__3:3:5:520"_ ge, thatis, ifa 
2,2 2, 234: 4>4 2, 1, 4» 4, 6, 6, 8 | 
pendulum oſcillate once in one ſecond of time in a very ſmall arch, it 
will oſcillate once in I ſeconds in a greater arch of that circle. Theo, 
176. 
It may alſo be proved, the vibrations being ſmall, that if b the 
degrees in an arch in which a pendulum meaſures equal time, the 
pumber of ſeconds loſt per day in another arch whoſe degrees = c, 
will be 1: cc bb: nearly. Alſo, if n = the number of threads 
In an inch of the ſcrew at the lower end of the pendulum, y = the 
time in minutes that the clock gains or loſes in 24 hours, then the 
number of threads that the bob is to be let down, or raiſed up to beat 
ſeconds will be =44ny. Theo. 177. 


262. To find the vibrations of an elaſtic ſtring or muſical chord, 
AB (fig. 147) whoſe length AB, let be — 1, and its diameter =d, to 
make this plain, let us ſuppoſe the given chord AB tobe ſtretch'd by 
a weight f, put ever a pulley at B, and to be ſtruck in the middle C, 
by another force or weight e, which puts the chord AB into the ob- 
lique poſition A D B. now its plain the whole force of f upon the ſtring 
A B, is in the direction BD, which force may be exprefſed by B D, 
and divided into the two forces BC, tending to pull the ſtring (treight 
and D C tendiog to pull it directly upwards from D to C, whence ag 


DB: 6: CD: Xen = the force of f in dizeRion D C, which mult 
B 


-4.a 


24 * 6 . 


— 
ww 


& 
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be = e, becauſe they ballance each other and becauſe C Dis but very 
BR fxcD fxcD 


take CB = DB, and then 2 2 e, 2 
fu CD AXCY c e, now becauſe the ſpace AD B, is but ſmall 
21 | 


it may be taken as a plane &, and then 18. C.D wilt always be pro. 
portional to it, viz. CDS, whence * &X e, theſe ſpaces A DB 


c. made by the vibrations of the ſtring A B, being as aforeſaid, but 
ſmall, may be looked upon as uniform, and then (by theo. 154) m 


et, or — c e, whence — or S ft oc ml, but (by theo. 154) 


m & 4q v and (by theo. 153) S oc tv, whence fvtt c lquv, or fit 


I «l.dd,. becauſe Id d is as q. the firings weight, or ſoldity, 
whence t c . that is, the time of one vibration is as the diameter 
˖ ; 

and length ofthe ſtring directly, and as the ſquare root of the tenfion- 
(f } inverſely, and becaufe C D, nor 8 is not in the expreffion, it foF-. = 
lows, that the time of a vibratior is the fame, whether the cord vi- 
brate thro” a greater or leſſer ſpace. Theo. 178. 

264. Let a = the ſpace perpendicularly deſcended by a heavy bo- 
dy in the firſt ſecond of time, and w — the cords weight, then d d 
ſolw oc f t t, and becauſe the ſpaces fallen thre? are as the ſquares of 


the times, and t being as the time of one vibration and alſo as 5 


its plain, that to cauſe a vibration of the ſtring A B, the point D, muſt 
fall thro? a ſpace & 12 X+ tr, whence as a: ¶ t ſecond: :: = = 


I w 


Re” the ſquare of the time of ane vibration in ſcconds, ſo 4/ 


— 
26 
t, the time of one vibration in ſeconds, whence / 2 f = number of vi⸗ 


T 
brations in one ſecond; Theo. 179. 


PROBLEM CXCVI. 


The theory of wheel carriages, and of the mechanit pwertz vine 
the wheel, fulliy, ſerew; bullance; leaver and wedgy: 

265. Let AP E M, be a wheel whoſe weight is w, radius CA = 

(5g: 147) and E hj tie perpendicular height of an obltacle-By. 
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to the horizon N D. over which the wheel is to be Uran, let OK be 
a tangent to the wheel at the point E the top of the obſtacle meeting 
the diameter 4 G, produced in O, then the wheel coming to the point 
E. ſtands upon G, preſſing there with its whole weight, let therefore, 
CO, the direction in which it gravitates expreſs its whole weight 
which (by theo. 158 is reſolved into the two forces C E and O E, of 
which CE preſſes directly againſt the top E of the obſtacle. and ſo 
ts deſtroyed by the re- action of the ſaid point E, therefore, the only 
force to be overcome is the other force O E, whence becauſe wheels 
are drawn by axle - trees thro? their centers, it follows that a force = 
QC, in direction C M parallel to E K, will hold the wheel in equili - 
brio on E, ſo by ſimilar As, as EO:CO::HE: EC, whence E O 


=— x HE, but by the property of the circle QGHE=AHxHG 


=2rh — hh, therefore EO = Vn, the wheel in direction 


CM parallel to o E K, is drawn with the greateſt eaſe, for ſuppoſe it 
drawn in any other direction C M, then this force C M being = the 
two forces Cr and mr, of which Cr draws the wheel directly againſt 
E, and fo is deſtroyed by equal re- action of the point E, what there: 
fore remains to draw it up in direction parallel to o K. is mr, now if 
8 ſine Lm Cr, (which C m the direction of the force called the line 
of traction makes with E C) and radius = 1, then as 1: T:: S rm, 


or as 8S: T:: im: Fur 1, viz. when r m becomes: x 1m, 
then CM will become 7X c K N 2rh— hh z 


Vin -h == f. the force fit to ſuſtain the wheel on E, in any direc- 


tion C M of the force, (C m being to r m es r to 8). Theo, 180. 
It E F (h) be very ſmall, then hh may be rejected and then f = 


— Varh. = (if be given) —— 7 (z h being conſtant) that 
| r 
js in rough uneven ſurfaces, the force to draw the wheel will be in- 
verſely as the ſquare root of the wheels radius or diameter, 1th O. 
then f = ©, which ſhews that no force is required to move a hcavy 


body on an horizontal plane perfectly ſmooth. Theo. 181. 
w 
Iker cc h, and the line of traction parallel to O K, then f == 


/:arb—bbi=—y:;arrorr:= — Mir = w, that 5, 
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the force will be proportional to the weight of the wheel, if Cm the 
f traction be parallel to the horizon ND, then EmCE =LCEH 


* 


| line o 

t ſor m = CH, =$=zr—h, whence, f = — v:2rh—bb;s \ 
, her | ; 

: Sk 2r — 1 : when his conſtant, Theo. 182, 

121 


266. If the obſtacle E F (h) be ſuch, as that it may be depreſſed or 
broken down by the wheel, then CE denotes the whole force with 
which the wheel bears upon the obſtacle, and (by theo. 158) is =the 
two forces H E, parallel to the horizon which muſt tend to drive the 
obitacle before it, and C H perpendicular to the horizon and ſo tends 
to preſs it down, but CH =r — h, the preſſing force, whence the 
larger the wheel, the greater will be the force to pieſs down the ob- 


ſtacle. 

267. If the obſtacle be driven forward before the wheel, then HE 
=+/: 2rh — hh : the driving force, whence the lefler (t) the wheel 
the greater the advantage, in puſhing the obſtacle forward. 

268. The line of t action C M being parallel to O K, its plain that 
if EF g o, the line of traction mult be Cm parallel to the horizon 
N D, for if any other line C E, be this line of traction, it is reſolvable 
into two other forces CH, drawing the wheel downwards, and fo in- 
creaſes the loads weight, and HE parallel to ND, whence H E, is 
the only force that tends to draw the wheel forwards ; again, if C M 
| be the line of traction, it is = the two forces, CB, drawing the wheel 
upwards, and fo diminiſhes the loads weight, and B M || N D, ſo BM 
is the only force that tends to draw the wheel forwards, Hence, it 
follows, that if the radius of a carriage wheel be = the height of a 
horſe's breaſt. or the traces parallel to the plane on which he draws, 
the carriage will go with the moſt eaſe, and wheels whoſe radius ex- 
ceed that, are worſe than thoſe which are leſs, in which the traceg 
are a little eleyated, in which pofition of the traces, the horſe on his 
account draws eaſieſt, as well as on account of the wheels, 


269. Of leavers there are 4 kinds, fiſt, is when the prop, or 
fulcrum C (fig. 148) is between the power P and weight W. Second 
kind, is when the weight C is between the prop w and the power P, 
Third kind, is when the power C is between the weight and prop w 
and P, the fourth kind is a bended leaver as B C, or B CA &c, 

270. HW CP (fig. 148) be a ſtreight line or leaver at reſt parallel 
to the horizon with a weight w at one end, and another P at the other 
7 * 
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end the lever being at reſt over @ prop C, if it be made to move iti 
the poſition BCD, the weight w, will deſcribe the arch w D, and P, 
the arch Pe, which arches are plainly equal the velocities of theſe 
weights, and becauſe theſe weights or bodies w and P are in equilibrio, 
the force on each fide of C, muſt be equal, that is, (by thee. 155, ) 
wxwD=PxeP, (fort & qv) but the arches WD and Pe, are 
as their fadti C Wand CP, Gw xXwC=Px PC. From the fiſt 
of the equations, it follows that the product of the power and its diſ- 
tatice moved is = the product of the weight and its diſtance moved in 
the ſame time, ſo if a weight be raiſed by any engine whatever you 
may by obſerving the diſtance chat it and the power moves in the ſame 
time, know the ratio of their weight, which is of yaſt uſe in mechanics, 
as You?! find the queſtions, Theo. 183. 
2271. Since weights hang perpendicular to the horizon, and BP is 
L CP i$4lfo Aw 4 Cw, it thult be the ſame thing whether P act at 
P, of at B. and Wat w, or at A, it will ſtul be wxwC=PxPC, 
and if ACW ZL PCB, it will be WN AC=PxBC, or WKA 
=P&LPB. alſo it is the ſame whether you ſuppoſe P to preſs or lift 
ahd therefore, if w be the prop, it will alſo be W X WC SPP C. or 
BPC:WG ; ; weight upon w, to the weight upon P. Theo. 184. 


The bther mechanic powers are dependant on theo. 183. 
PROBLEM CXCVYT. 


Of the centers of gravity, perayſion, oſcillation, and gyratian, 
| Fig. 149. 

272. If there be any number of bodies a, b, e, d, ſuſpended on the 
ſame line or ſtreight lever A B at the points A, C, D, B, and be in e · 
quilibrio upon a paimt G, this point G, is the center of gravity of al] the 
bodies, then by thev. 184, we'll have CG x b4 A Gyam=DGxX 
© +BG „d, but per fig. CG =AG—AC, ardDG=AD—AG, 


alſo, BG =AB— AG, ſoAG—ACyb+AG NA = AD—AG xX 
e AB—AG xd, which by traoſpoſition and diviſion gives A G = 
ADXc+ACXb+ABxI+LXD gre diane of G the com- 
| a TW eK 

mon center of gravity from A. Allo, by reduQion & = 

2 ALE d=Ad x8 any of the bodies as c, 
in like manner, we may get A K 2 | 

AG 2 5 ADXc—A E N42, the diſtance 
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between 2 and b any two of the bodies, but if the lever A B have any 
weight, ſuppoſe = that of the body e, and D its center of gravity, 
theſe equations will he the fame, becauſe the weight of every body 
as in its center of gravity. Theo. 185. * 
if che (ireight beam or hallance A B (fig. 149) ſuſpended on G, be 
jn equilibrig with the hodies a, and d, (b and c being = p) but if the 
body a be temoved to B, it will be in equilibrio with a body w, ſuf- 
pended at 4, then (by the laſt theo.) 40 L, ad AG = 
a 
REXD whence BG xd xw = BG x2 xa, that is, dw aa, fo 
W | 
d wrga, Which put in the laſt equation for a, gives BG dW 


BG X&d, or, — EXC (each Za) ſo as W: d:: BG; 
BG 6 
[3A G. Theo. 186. 9 
If there be any irregylar ſolid A & G B, whoſe weight is w, (fig. 1 8g) 
and its center of grapity at G, ang if by a body c, Jaid on the point ds 
the ſolid be in equilibrio upon the prop P, and alſo by a body a, laid 
upon q, it be ia equlihrio upon the prop C, then beeauſe (by art. 244) 


acts at G, we'll (by theo. 185) have w Ay d XC and w = q — 
D G CG 


whence, DdxexCG=gCxaxnNG,bu CG=CN+DG,fo 


Dd xcx CDG =qC xa x DG, and therefore DAL ENR 2 
CN — Dad xc 


D. Theo. 187. 

273. To find the center of gravity of any ſurface or ſolid, as ABC 
(fig. I 50), let G = its center of gravity A B, the diameter of gravity 
bilecting all the particles of matter b, c, d, g, h, i, I, &c. in the ſaid 
body, and then by theorem 185, we have A G = 


Ab vb A ag I. &c. 
Deere of 


ee enen 
theſe variable quantities A b, Ac, &c. ſuppoſe A b, be called e, and 
the body 8, and if a + eb + eec 4 eced=y, or yy, che equa» 
tion of the body &c. then (by prob. 185, or 186) b þc+d +g + &c, 
the ſum of the particles of matter in the body will be ae +$ ee b 
+$ecec+$etd, and A be b Ac KGT ARX RT &. =$ 
ae 0+ TLecoop ee” + Pres, whence A G = 
_ 22 & zceee +z d ef. Theo. 488. 

+ c +xcee +x4dcce 


CRAS 
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This general theorem may be laid down in a rule, and applied uni. 
verſally to the centers of gravity, as thoſe in prob. 185, and 186, are 
to contents. 


274. If e be the diameter of gravity, 5 an ofdinate &c. biſected 


thereby, and if it be ce y or y y, then by the laſt theo. AG . 


n -2 15 
ce 28 1 — e, and by taking n = 2, 1, 2, reſpeQive- 


n-+2 n 11 © im + 2 
ly, we'll have 


In the common patabola n+rT Ze, 
ens |3 
in the conoid of this parabola F ©, 
n + 2 
in the cone or pyramid AG = + e, 
in a plane triangle F ©, 


fn the A A CD, (fig. 151) if you draw a line from any of the Ls, 
A, C, D, to the middle of its oppoſite ſide, x of that line (by what is 
done above) muſt fall at G, the center of gravity of the A. whence it 
follows, that if the 3 ſides of any plane A be biſeQed by lines drawn 
from theif oppoſite angles. that any two of theſe lines wil meet in the 
As center of gravity, which will be I of any biſecting line diſtant from 
its angular »oint, a hollow cone has the ſame equation with a A, and 
therefure its center of gravity will be at 4 of its flant length, diſtant 
from its vertex, in hike manner you may compute the center of gravity 
of any other hollow folid, 

275. If G, be the center of pravity of the ſector 8 A B, let S At 
the radius a = the chord A B, e S any abſciſſa S a, c the arch AQ.B 
ce 


« \ (bg. 151) then as r: e:: a: S chord ab, and as rr e:: Ci. > 


=arch a q b, now (per theo. 188) e x — and divided by the index 
of e plus 1, gives * for the dividend, and =, divided by the in- 


dex of e + 1, gives 27 or a divifor ſo S + <C—==<(war=te) 


r 3c 
s, ads t, then 2 = . r the diſtance of 
30 „. 


the center of gravity of a ſemi · circle · from the circles center. 


Note. The reaſon for uſing two equations — = ab and = = 


aqb, in this art. is clear from the demonſtration of theo, 188, where 
all the particles of matter are ſuppoſed to be reduced to the diameter 


OO, a — ao 
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of gravity in ſtreight or 4 lines. but the area of the ſector is compoſed 
of an infinite number of arches ſimilar and parallel to A Q_B &c. this 
obſerve in any ſigure whoſe baſe is a curve. 

276 If the ſemi-parabola SAD (fig. 152) be ſuſpended upon the 
ſemi-ordinate AD=a, dag y, d D ga BS e, and parameter = 
unity, then per conicks, aa =SD and yy =Sd. but per ſig. SD Sd 
a B, i e. aa — yy =e, Which (by theo. 185) multiplied by y, and 


divided by the index of y plus 1, gives tor a dividend, 
7 | 
and divided by the index of y plus 1, gives a for a divi- 


be unser 6429—3YYV _G D, 

4 3 12a —4Yy 
the center of gravity of the parabolic trapezia a d D A, and becomes 
=+y, when a y, the center of gravity of the F parameter SAD. 


577. If A Q B, the ſegment of a circle, be ſuſpended upon its verſ- 
ed line QC, you may find G its center of gravity, by having given 
R and C, thele of the ſector SAQ B, and ASA B, (fig. 153), thus, 
let D = the area or weight of the A, E — that of the ſector, F 
that of the ſegment, e arch AQ B, a chord A B, r = radius 8 A, 
e 2186 of che A, z= GC, the diſtance between the centers of 
gravity of the ſector and ſegment, then by art. 244, and theo. 18g, 


DxCR=FxCG,orz= 2X, but E—D=F, foz=P <> 
F E — D 


allo, D Tae, E =£ tcand Je = ck. by art. 275, and 


, inſtead of D, E and CR, gives 2 = 


Dy CR 


E — D 
ee, from which take the . (SG) e, and there leaves 


31e - zac c 

ch a ſor the diſtance of G, from the middle of the 
chord AB. After the ſame method, may be had the center of gra- 
vity of other compound figures, or of parts of figures. 


278. If we take b an ordinate or ſpace in the middle of the body, 
a= one at the leſſer, and c S one at the greater baſe, each equally 


diſtant from b, and all 3 biſected by e, the diameter of gravity, we'll 
have che diſtance of the center of gravity from the leſſer baſe equal 
Eec+2eb | 


C+4bd+2 


274, which put in z = 


theo, 189, as will appear by applying prob. 190 to theo. 
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288. This theo. 189 anſwers for the centers of gravity as theo. 139, 
doth for contents, as for example. Let the center of gravity of the 
ſolid in theo. £39, be required, when it is ſuſpended upon e its axis. 
Here a dt, bz: IDTdT +dt+Dr: and c = TP, which 


. | . 3D +Td+td4tD 
Jubſtitutedin theo, 189, for a, band c, giwes TB 5 


x re A (fig. 150) and if this ſolid becomes the fruſtum of a con 
2PD+ 2DNd dd. 

LU + Dd add 
* e, and if a whole cone or pyramid then d = oF and then A G = 


—_— Se, if there be a plank of equal thickneſs length e, breadths 
4 D / 


at the two ends b = a and c, then b N which put in theo. 189 
2 f 


For b, gives A G = 72 = which is the ſame thing as if e be the 
** 

diameter of gravity, and Nant length of a hollow fruſtum of a cone or 

Pyramid, whoſe peripheries at its two parallel baſes is a and c, and if 


or pyramid, then T = Dand td, and then AG = 


c o, it becomes AG = e. for the hollow cone or pyramid 


&c. for other figures, | 
279. if the diameter oſ gravity be the ſame with the axis of the ſo- 
Kid +12. cach = e, then by theo. 189, AG Xx 4b+c+a:=ec 


+ 2eb, whence : a 44b þc : x — = — : but (by 


theo. 138) 124+ 4b 4c: * — is de body, fo that if either che 


body or center of gravity be given, the other of thera may be found. 
Theo. 190. 

280. If PC (fig. 148) one part of a lever, fut in à wall at C, we 
Force to move the ſaid part will be P P C, by theo. 184” 


281. Itis known, that à line and plumet is only at reſt, when the 
line is L. to the horizon, whence, and by art 244, if the beam BC 
{fg. 154) be ſuſpended by a cord F H. thro? its center of gravity G, 
the beam will reſt in any poſition when the cord F H, is perpendicular 
40 the horizon, therefore, if the chord F H be taken awiy 
and rhe heam hung by the cords F C and F B,. or by a7 two cords 
ER and I C, in the ſame directions, it muſt alſo be ar reft, the fame 
holds if it be hung by the cords EB and h C, becauſe theſe cords meet 
at Hin the ſaid L. line, whence, and by art. 234, whether a body be 


6 ( 
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uſtained by two ropes, EF Band LC, or FB and FC, or e B and h C, 


or by two polts -\ B, and D C, or q B and p C, or by two planes A. 
to A B and DC, the body can only be at reſt, when thele iuterſect in 
the plumb line F H, paſſing thro the center of gravity G of the body, 
if from any point Hin the line FH, we draw HI parallel to FBthen 
the whole weight the preſſure at C, the thruſt or prefſure at B, are 
reſpectively as FH. F Land IH and in theſe directions, for the body 
may be ſuppoſed to be ſupported by two planes q B and p C ＋ to BA 
and (D, which planes re · act ag unſt the body in theſe directions, and 
ſs is the ſame thing as if the body was ſultained by the two ropes BE 
and CF, and in either caſe, the ſaid ratio is true, by art 256. 
282. From whatis {aid above, it follows, that a body ſo ſuſtained 
cannot be at relt, if the ropes F B aa F C, &c do not interſect in the 
ſad I. line F H, and chat a body will always be at reſt. when hung or 
ſupported by a line I the horizoa, paih1z thro its center of gravity. 


283. If there be any number of-beams AB, BC, CD, DE, &c. i? 
be kept in equilihrio by their owa weight, when ſet one to the end of 
another upon the horizon A C, as you lee in fig. 155, whoſe centers 
of gravity are at the points a, b. c, d. e, &c. and weights q, r, s, t. &c. 
the weights upon the angles, B, C, D, with which theſe beams preſs 


Aa * 7 R UE e 
AB BC BC CD 


Da ENT EENT &c. for (by theo. 184) as AB: A a:: 2 
CD DE - 


. the weight of the beam A B, apaioſt the LB, and as CB: 


Cb::r:; ae toda the weight of the beam CB, againſt the ſaid L B, 
Gn 

Kc. whence, B. C, D, &c. are = the weights againſt their reſpeQive: 

angles, thro' theſe Ls, let rl. Sm, tp &c. be drawn perpendicular to 

the horizon A F, and produce DC. to meet lr in t, then (by art. 256} 


a SEABC:$ LABr: : weight B : farce in direction B; C equal 


each other, are A = , 


BxS ART 1 C XS. DGs. 
ze in like manner force in direction C 3 = c 


but to preſerve the equilibrium, the force in ditection C B, mult be x 


that in direction B C, vit. = —— = SN , whence, as 
8. 60 D 8. ABC 


1% e. „ by the ſame way of reaſoning a G 
S. Ahr S.DCS 
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D644 202. CPE therefore, as weight B: weight D:; 
8. BUS S.EDt 
deb 4 + $ZABC 
. Ir K S. BCS SI DCSSS EDE S.ABINS.CBI 


n * he 
*STDp KS EB that is, if the beams be in equilibrio, the weight 


8. BCD a 
en S. m CB XS. m C D ſo if che po+ 
ſitions of all the beams be given, the ratios of the weights upon the 44 
may be found, and it one weight be given, all the other weights may 
be found. | | 

284. Alſo, (by art. 256) the weight C, the forces in directions CB 
and CD, are as rB, CB, and Cr ieſpectively, but as CB to CH:: 
S. LCrB, or SCD, orrCm:S.rCB : : co line elevation of C: 
co-line elevation of CB. :: ſecant elevation of CB: ſecant elevation 
of CD, becauſe the ſecants are inverſely as the co-fines, whence, the 
force or thruſt at C in direction C B, or at B in direction B C, is as the 
ſecant of the elt vation of the beam or line BC above the horizon. 

285 Draw Cqand Dn parallels to DE and CB, and let CD ex- 
preſs the force in direction C D, or DC, then C 9 is the force in di 
rection D E, and Dn, the force in direction CB, but by theo 156, 
D q, or the weight D, is = the two forces D C and Cq, alio Cn, ot 
the weight C is = the two forces CD ard Dn i e. the weights on C 
and D to prelerve the equilibrium will be as Ca to Dq, whence if all 
the weights are given with the poſition of two lines, (C D and © E) 
the poſition of all the other lines C B, B A, &c may be found. 

286. If the weights were to act upwards in the direQion m C.pD, 
&c. or the.figure AB D E F, turned upſide down, and the weights 
remain the ſame, and the points A and F be fixt as before, its plan 
(by art. 281) that the whole figure will be exactly as before it was f 
turned, and that whether the lines A B, b C, C D, &. be flexible, 
or inflexible chords or beams. 

287. Whence it follows, that if any chords of = lengths be ſtieich 
ed to the ſame degree ot curvaiuie, the ſuctchug iuices as de 
weights of the chords. 

288. If Ba he an inclined beam or wall (fig. 156) ſupported by? 
prop Aa 1. the horizon, let C be the beams center of gravity, V- 
its weight, e=ſine L B a P, or co- ſine La BP, y = the weight bot 
by a P, then W- y = the weight at B, draw Cm M, a P, nov (v 

theo. 184) mPxy =Bmxw—y:fo; mB+mP; (BP) x 
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Bm x W, but by ſimilar As, as B m: BP: : BC: Ba, whence B C 


XWS Bac, and (by theo. 48) as radius 1: Ba :: e: BP, ergo, 


Ba= LAY whence —Xy= BCxXw, ory = — which 
will be the leaſt, when the diviſor BP is greateſt, and becauſe B P is 
always L the prop it mult (by prob 15) be greateſt when L BaA = 
LB Aa, and then it becomes B QA the prop a A. Theo. 191. 
Again, let c =B C, v=prop a A, then becauſe BQ is La A, and 
Ba g g A, therefore, a A and La B A are each biſected by BQ. 
now, ſuppoſe mA = m B, chen Lam Ag 2La BA, and per ſimilar 


As, as BP: Pa: : Bm: Cm (viz.) as 1 Z: VIZ 1: 


1 22 N ꝗ —.. : cm, S tangent LC B m, (z being = 
4 1+2Z 


m P co - ſine La mP, radius = 1) ſo if e = co-fine of any L, the 


tangent of 4 that L is : 123 : ſo (by theo. 47) as . A 
1e | 1e 
STTTE : L: e which written in E<XWX® 
OFT 255 1 — e As F 
for BQ, wegety=2Z x: e: now if y be a maximum 
V 11e 
2 a 
yy, will alſo be one two, viz. yy = 2 Al 
v I +EC 
— = m, (putting $ = [7] which (by theo, 149) 
V 


is already found = 0,610 e. Theo. 192. 


288. If CDE (fig. 157) be an upright wall whoſe weight is = y, 


and ABC, another wall &c. of the ſame height A B, with a ſlope 
ſide B C, next to the wall of equal thickneſs C D E, and the vacant 
AB CD between theſe two walls be filled with ſtones, earth, ſand &c. 
of w weight, let P be that part of w which is ſuſtained by the wall 
CDC, then its evident the A BCD, as a ſolid body would flide down 
the inclined and upright planes B C and D C inthe ſame time, fo (by 


theo. 183) as BC:w::DC: Dexy the weight ſuſtained 
B C 


by BC, and therefore, w = Q = w — DCYW =P, that ſuſtained 
h B C 


Aa 


| 
1 
N 


—— — — — 
£ _ - 


ſuſtained by the wall CD E in direction D C, that is y is the preſſure 


point O, or Q, v the velocity of any point in it at 1 diſtant from s, 


of gravity of the ſyſtem are on different ſides of 8. then (by theo... 155) 
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3 (the force in direction B C) :: AC; 

B C 
= 2. = — == the force in direction A C . to the wall CD E and 
may be conſidered as ating againſt the point L in direction GLHHAC 
becauſe G is the As center of gravity (C L being = 4 CD and G L 
= + DB) now the ſides of the wall CDE, being e its center 
of gravity is at R in the middle of C E, make RF =CL, then its 
plain, that a power lifting at F, the end of the lever FR, upon the 
prop R is = the ſame force acting at L in the direction G L, to over- 
turn the wall E D C upon E, ſo F.R x y, the force with which the 
wall reſiſts is =ACx DX w—QBC, the A force of the ABCD 


againlt the wall CDE, but P = w — DC 
B C 


by DC, but as BC: 


is the force or weight 


upon R and P that upon C, let the point e, be the center of gravity of 


theſe two preſſures, then, Ee x Y＋ PS ACX DCXW UBC 
in a caſe of equilibrium. I heo. 193. 
But if the ay be only preſſed in direction G L, themRExy= 
ACxDCyY | 
BC 
289. To find Q, the center of gyration of any ſyſtem of bodies 
(fig. 158) A, B, C, connected together, and revolving about a center 
S. 1. Let m the force or momentum of the whole ſyſtem, at any 


wa 


and A, B, C, the weights of their reſpective bodies, A, B, C, now its 
evident the velocity of any point in the ſyſtem, will be as the diſtance 
of that point from the point S, ſo the velocities of the points A, 8 — 
will be v8 A, vx S B, or va, vb, v c (putting a=SA, b= 
C=SC), but e muſt be negative, becauſe it and the common center 


vaA,vbB, - vcC, will be the forces of theſe bodies acting at A, 
B, C, and (by art. 220) as S Q a:: va A .. = the force of 

SQ | 
A acting at Q, and for the ſame reaſon: the forces of B and C there, 
will be b b B and (ZEX=veCvecc 


SQ. SQ SQ. 
pf all theſe forces muſt be =m, i. Pn . 


, now its plain the ſum 


% 
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If we ſuppoſe all the bodies placed at Q, their joint force, there 


will be v IS Q: A +B+C, which taken = m, we get vx SN 
:A+B+C:= — AaaSBbb + Ccc: , whence, 8 Q = 
SQ, . 
daa r Bbb4iCcc 


: ſhewing how far Q, the center of gyra- 


$f: A ＋ B + C 
tion is from 8, the point of ſuſpenſion, at which point Q, the ſame 
force can ſtop, or produce, the motion of the whole ſyſtem, as can ſtop 
or produce the motion of a ſingle body (= A +B+C) placed at Q. 
290. If the ſyſtem be at relt its force will be A B C, preſſing 
with that weight on its common center of gravity which let be at the 
point G in the ſyſtem, whole velocity being v XS G, this force will 
then be v SG: AT BTC: put this m, and take the point O 


inſtead of Q then v & SG X: A+SB4C: N — LW 


Aaa + Bbb + Cee 
86 XA +B+C: 

of ſuſpenſion and O the center of percuſſion, or point in the ſyſtem where 
the ltroke i is greateſt poikble, and appears to be a third: proportional 
to S G the center ei gravity, and 8 Q the center of gyration, that is, 
$G:$Q::SQ:SO, ſince the force divided by the weight, gives 
vx: Aaa +Bbb+Ccc: 


whence, SO = the diſtance between 8 the point 


the velocity, if we divide I'S by A+B+C, 
and put the quote =v x SG, the velocity of the center of gravity, 
well have SG = b whence, 8 0 = 


Aaa+Bbb+Cce 

S GX: ABC: 
oſcillation, and appears to be every way the ſame with the center of 
percuſſion laſt found. 

It is the ſame thing whether the bodies be all in one right line 
CS AB, or out of it in the ſame plane C CA B. as is plain by what 
goes before, ſuppoſe them all joined by the line CS A B. and put p 
 64,q=z=GB,r=GC, g=GS, and then a, b, c, being as before 
we'll have, 

Aaa=[D :g—P:ixA=ggA—2gpA+ppA 
. Bbd=0:g+g:xB=gg BT 28471445 
Cee SU: r- g: xC SH C-2grC TIC. 


„the diſtance between 8, and O the center of 


— — 
— -- —— — — — 
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+ In theſe 3 equations, if G be the common center of gravity, B will 
be in equilib with Cand A, or q B AA C, ſo the three terms 
+ 2gpA;+2gqBand— 2g C, deſtroy each other, and the ſum 

of the reſt will be, Aa a + Bbb + Cee ggg x: AK B +4C: 
+ppA+qqB+rrcC, divide each ſide by gx, A BTC: and 
ie reef. raren (abe 


— — 


:A+B+C:xXx8g r ATBTC ZXR 
| App Bqq+Ccrr 
fore) S O, whence, —©* 280 — g 06, now 
"ZAFBFC: x8 4 

its plain per fig. that if O A p, OB q, OC r, Os mult be gg, 

for GS -G AS OS - O ASS A Sa, &c. ſo if g in the laſt e- 
App-Bqq rr, whence 

1 :ApBb+C:x0G 

it is evident, that if the plane of the motion be the ſame, and either O, 

or 8, be made the point of ſuſpenſion, the other of them will be the 

center ot oſcillation, put SO =S, OG, or SG = g, then S— g being 


EN * oY 
22 — . en hae Sg g P27 $44 7-077 
ABC: A+B+C 
and if 8 g - gg be made a maximum, we'll find 2g = 8, and that 


the oſcillations are made in the leaſt time poſſible v hen OG 86 


„ AppTFBqqTcCrr, 2 an 2 
2 = — > "woah where p GA, q g GB, r=GC, 
221. Since the velocity of the ſyſtem when the point G moves in a 
right line L SO, is to its velocity when it revolves about the 
point S, as SG to SO (the momentum in each caſe being the ſame) it 
follows that O G the difference of velocities is as the force preſſing on 
8 in direction ＋. to S O, and conſequently the other part d G is ſpent 
in accelerating the motion of the ſyſtem, that is, as 8S O: OG:: force 
of gravity in direction L S O: force acting at S in the like direction, 
this alſo holds true when the axis of ſuſpenſion has a motion or when 
the ſyſtem or body has a progreſſive motion as well as an angular one, 
as a cord wrapped about any body, or ſyſtem of bodies, and one end 
of the cord made faſt, then the body let go it will deſcend rolling, 
ſtretching the cord with a force as O G, and its deſcent to that of 
falling freely as 8 G to SO, i, e. as SO: SG : : falling freely toroll- 

ing, and : : O G: weight the cord ſuſtains, 

292. Becauſe (by art. 272) SG Xx: A＋TBTC: SAAT Bb 
: n Aaa FBbb +-Ccc 
Cc, our equation for 8 O will become $O = A TBTCT x56 


quation ſtand for SO, we'll get SO = 
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es. Theo. 194. Where if A o, and Bb = 
—”  AatrBbTUC 4 


Bbb+Cce_ Bbb+Cce_.. vis 
Fb Ge TD > . 
the pendulum will not vibrate but reſt in equilibrio upon 8 as a center, 


Alſo, in this caſe 8 G = 4. —C 3 
GTB B+ C 
gravity will be at 8, and ſo produce an equilibrium. 


By comparing the laſt theorem with theo. 188, and art. 27 3, we'll 


— Cc, it will be SO = 


„that is, the center of 


£ f = 
haveSO= . e, inſtead of A G Le, foSO=Se, in 
n 73 n＋2 


the common parabola = + e ia the plane triangle, g e nearly, in the 
cone or pyramid, = 4 the radius in the plane of a circle I e in a 
right line, rectangle, {mall priſm, or cylinder, = d + = in a ſphere, 
where r = its radius, d = diſtance between its center and point of ſuſ- 
penſion, e being the axis of the body which is ſuſpended at the vertex, 


PROBLEM CXCVIII. 
To determine the ſtreſs and ſtrength of beams &c. 


293. Streſs, any force acting againſt a beam to preſs or break it, 
ſtrength, is the force or power with which the beam reliits the ſtreſs. 


294. The beams &c. here meant are ſuppoled to be homogeneous, 
and placed parallel to the horizon, whether they be fixt at one end 
as into a wall & c. or ſupported at both ends as upon props &c. except 
it be ſaid to the contrary. Theſe beams may be of wood, (tone, 
iron, &c. 

295. Let BCDQ (fig. 159) be a beam with one end B C fixt into 
a wall &c. and a weight w ſuſpended at D Q the other end of it, then 
(by art. 280) AQ X V, is as the ſtreſs at any point A, that is, the 
ſtreſs on this accouat is as the length, but if e denote the weight of the 
beam AD, + AQ xe, will be as the ſtreſs at the ſame point A, (for 
the weight of every body) acts in its center of gravity (and this cen- 
ter is in the middle, becauſe the beam is of equal breadth, and of = 


depth throughout, | 


296. In ſuch beams, the length A Q, will be as the weight e, and 
ſo AQ may alſo be put Se, and then if w = e, we'll have ee for 


AQ u, and g e e, for AQ Xe, hence the ſtreſs on A when the 


weight is equally diffuſed over all the beam, is to the ſtreſs there when 


= 


—_— 
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dDQ, as Fee to e e, or as 2 tot, 
and in general, if g be the ce between BC, the fixt end, and 


the beam's center-of gravity, or g =ne, then neg+ew, is the 
whole ſtreſs of the point C, on both accounts, e being = CQ , the 


axis of the beam, let it be of what form it will, and ꝗ its weight, allo 
w = the weight ſuſpended at DO 


the * is ſuſpended at thee 


297. It is manifelt that the force of w upon the point B, is the ſame 


if there be another beam g to the beam CD, with one end fixt. and 
the other end touching D Q but if it be join'd to DQ, that fo both 
beams bear the weight w, then the ſtreſs at B will be but half of what 
it was before, hence, the ſtreſs on a beam fixt at one end is equal the 
ſtreſs on one of a double length when ſupported at both ends; the ſame 
is true if the weight be equally diffuſed over all the beam, as is the 
caſe when it bears only its own weight, and for the ſame reaſons, the 
ſtreſs on a ſquare plate &c. ſupported by two ſides, is = the ſtreſs on 
one of a double fide or length, when ſupported by all its four ſides. 
208. If Aaa B (hg. 159) be a beam ſupported at each end, by two 
props a, a, and bearing a weight at any point P, proportionable to its 
length, then BP and AP will be as the weights on the {ſegments BP 
and A P, ſo (art. 295) weight A P x diſtance BP, or weight BP x 
diſtance A P, viz. AP x BP ſtreſs on the point P, but if the weight 
be not ſuſpended, but equally diffuſed over all the beam then (art. 297) 
AP XBP 
3 


the ſtreſs at any point P will be as 


299. If e B D the length, and b = the breadth of the beam B Q, 


(ig. 159) and if the weight and length continue the ſame, while b va- 
ries, its plain the ſtreſs at B, will 3 as b, but (art. 295) it is 


directly as e, ſo the ſtreſs, is as * and if there be another beam of 


the ſame depth, length E and breadth = B, and if it be as B: E.: 


b :e, then Eb Se B, or * =, Hence, the ſtreſs on any two 


ſimilar ſections of the ſame e and matter, is equal, if they are 
alike ſupported. 
300. Since the ſtreſs is as the length when the beam is placed hori- 
-Zontally, therefore, if the beam a B (fig. 156) ſtands a flope, let fall 
the IL a P upon the horizontal line AB, then the ſtreſs on the beam 
Ba in this poſition, muſt be as B P, but by trigonometry, as radius (1) 
B a:: ſine Ba P (c) viz. co- ſine L of inclination a BP: Ba X c, 
i. e. the fireſs on any beam &c. horizontally placed, multiplied by the 
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co-ſine of any inclination, give the ſtreſs on it when it hath that in- 
clination, and ſo much for ſtreſs. 


zol. To find the lateral ſtrength, in any part of any beam B C 
(fig. 165) as at G. Let Gn A, be the ſection of the beam there, ſup- 
poſing it to be cut right a croſs, G A being perpendicular to the hori- 
20n, or the beam parallel thereunto, put G A =d, the depth or abſciſ- 
{a of the ſection b = An, its ordinate or breadth, 


Note. That fide of the beam perpendicular to the horizon is called 
d, the depth, and that fide of it parallel thereunto is called b, the 
breadth, ſuppoſe the depth G A to be divided into an infrmte number 
of equal parts, by {mal} threads n A) paſling thro” it parallel to the 
hotizon, ſuppoſe a y any one of theſe threads or fibres, as an ordinate 
to the ſmall variable diſtance Ga gg e, and en y a, let the ſtrength 


or reſillance of a fibre at A be = 1, then, as d: 1: : e: —=, ſtrength 


of a fibre at a; for when the beam is broken, the parts E F (ſig. 161) 
which beſore ure together, are ſeperated at the diſtance E F, and the 
parts at D not parted at all, now if this diſtance E F, or ſtrength of a 
fibre at that place be put = 1, then its plain per figure, as DE (d): 
EF (1) :: De (e): e f, the ſtrength of a fibre at f, but the number 
of fibres between A and a, are S e, and the equation of the ſection is 
nT2 


en y, the product of theſe 3, is 4 * e 22 which by theo. 


n ＋ 3 
65 —— 5 2 „(hen e g d and y b) S T, the total 
204-3, n 3 


ſtrength of the ſection, G An, whence, in the common parabola, rec- 
tangle, triangle, n=4, u , n = 1, then TA bdd Tr bdd, 
T 2 bd d, if the ſection be an elliphs, or circle, a = A G, that dia- 
meter ot it perpendicular to the horizon, e = the other diameter pa- 


rallel therennto, — =D, e =A a, the depth of any ſegment, y=ya, 


its ſemi· chord, then y =D: ae - ee: fo Txe* DNV. 2e 


ee: is as the quantity generating the ſtrength of the ſection, this com- 
pared with theo. 78, or the general ſeries in art. 215, we'll have T 
0,2451 Daaa, in the ellipſis, and T =0,2451 aaa in the circle, &c. 


Note. Its plain the ſeparatin are at the upperſide of the beam 
When fixt at one end. n , 
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302. Let g and 8 be the diſtances of the centers of gravity and oſ- 
cillation of the ſeftion G An from G, a = its area, d = AG, then 


I 5 . 
(art. 292) g 2 L d, andS= . d, alſo, (theo. 78) a = 


n 72 1 ＋3 
db „the product of theſe 3 equation is gSa = — whence, 
nTI ** 
R bdd . T, as in the laſt article, now if we take G a = 
d n +3 


. then Ga x a = 5 T, the total ſtrength of the ſection G An, 

in which the point a is that where all the fibres being collected, do 
act with their whole ſtrength, this point a in a rectangle viz, GA 
+d, for g. = 4 d, and 8 = 4d, ſo gS dg 4d, in a circle whoſe 
diameter A G, 22 4d, S=+4d, loGa =8S— d = 18 274 
fere, in the periphery of a circle (the beam being a hollow cylinder) 
g 2d, S=43d, ſo Ga d= nearly, as in the two former, 
in a ſquare ſuſpended by one of its angles, diagonal d, g=1d, 
S= 5d nearly, ſo Ga == 1d. l 

303. Hence if a power v, be applied to G, as the end of a lever G2 
upon the prop a, then Ga , is as the force to pull the beam aſun- 
der lengthwiſe, which let be =G D (e) x, the force to break it 
laterally, i. e. (becauſe Ga==gS+d)gS+d =ew, whence v= 


. But if 2 = the weight of che beam, G = the diſtance be- 
8 ; 
fon its fixt end and its center of grevity, then Gz + ew Ig 
d Gz red 
98 
low where it is pulled aſunder, or that part of its weight which au 
ways affilts in pulling it, then d Gz Ted Wg. vy: & 8. 

Note. If the beam be fixt at one end, g and S muſt be meaſured 
from the under fide CQ , but if ſupported at both ends they muſt be 
meaſured from the upper fide thercof B D, ard then e token for half 
the length, and w half the weight &c. (art. 291) allo, if the prop 
fulcrum, dent into the beam, it will diminiſh its ſtrength by fo mud 
as d is ſhortened, by that denting. 

304. If BG AC (fig. 160) be a cylinder twined, or twiſt-d abt 
its axis Te T, let eP =eR =d, periphery of the ſection P Rk 
b, ep =any ſmall variable radius e, then if the power of a paris 
E 


at P to twine about the ſection be 1 as e P: 1: : ep: b - 


＋ d, or v , and if y S the weight of the beam be- 
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power of a particle at p, the number of ſuch particles between e aud p 
e b 
4 


Se, and as d: b:: e: the periphery of, or particles in pr pr, 


whence X e X ed. eceb (by theo. 78) = 2. — = (when e 
ul d dd | 4dd 
d) d db, the total twilting ſtrength of the whole ſection PR R, 
and (art. 301) is, equal the lateral ſtrength of a triangle I. = d, and 
baſe || horizon = b. | 
Note. This article does not agree ſo well with wood as with metal, 
for the texture of wood is not the ſame in length and breadth-as it is in 
metal, where the power of (pliting and breaking is the ſame. Theſe are 
the principles of ſtrength. | | 
305. If a beam &c. is to be equally ſtrong throughout, or the 
ſtrength in any part of it proportional to the ſtreſs on that part, Firſt, 
if it be fixt at one end, and a weight ſuſpended at e diſtance from that 
end, the (treſs there (art. 295) is as w, and (art. 301) the ſtrength as 


bd d nT3, therefore e c bdd (wand n + 3 being conſtant } 
and if the upper, or under ſides of the beam be a reQtangle, or bevery 
where the ſame, then e oc dd, the equation of the common parabola, 
if b = d, then e oc d dd, that of the cubic parabola, but if the weight 
preſs uniformly over all the beam then (art. 296) e e & bd d, and if 
b be every where the ſame, then e e & d d, ore of d, the equation of 
the plane triangle if b d, then e e & ddd, the equation of the ſeri» 
cubic parabola, _ | 
306 If AR (fig. 159) be a beam ſupported at each end, and bear- 
ing a weight on any variable point, or uniformly on all parts of it then 
(art, 298) the ſtreſs at Pis A PN B P, ſo APXBP XxX bdd & (if 
bd) dd d & (if b be conſtant) d d, the equation of the ellipſis, but 
if a weight be fixt at any point E, then BP & b d d, oc (when bad) 
ddd, then A QE and B QE are two cubic parabola's, but if b is 
conſtant, then B P of dd, then AQ E and B QE are two common 
parabola's. : 
307. Let there be two beams q and Qof the ſame matter, lengths _ 
eand E, each fixt at one end, depths there d and D, breadths b and 
B, weights of the beams w and z, weights. borne at their unfixt 
ends v and y, the diſtance from their fixt ends to there 
centers of gravity g and G, then their total ſtreſſes (art. 296) 
will be gw +evand G2 +E y, and ſtrengths (art. 301) bdd +: 
D+3:and BDD—: mT 3 : now if the ſtrength mult be propor- 


tional to the ſtreſs, then (putting p n and P = I 1 * 
mT3 wpbdd 1guFeys: PROD INE SEK but becauſe 
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302. Let g and $ be the diſtances of the centers of gravity and of. 
cillation of the ſection G An from G, a = its area, d = AG, then 


' — N 
nd, alſo, (theo. 78) a = 


(art. 292) g = 


| n ＋ 2 1 ＋ 3 
4b , the produ of theſe 3 equationis gSa = — whence, 
n ＋ 1 88 


44 = T, as in the laſt article, now if we take G a = 


d n+3 
8 * then Ga x a = _ T, the total ſtrength of the ſection G An, 
in which the point a is that where all the fibres being collected, do 
act with their whole ſtrength, this point a in a redtangle viz. G A — 
+d, for g. = 4 d, and 8 2 4d, ſo gS dg 53d, in a circle whoſe 
diameter AG, g 1 d, Sg 4d, ſo Gag gS = d ig = d, 
fere, in the periphery of a circle (the beam being a hollow cylinder) 
g 1d, S=3d, ſo Gard = nearly, as in the two former, 
in a ſquare ſuſpended by one of its angles, diagonal =d, g=14d, 
S= 5d nearly, ſoG a= d. ; 
303. Hence if a power v, be applied to G, as the end of a lever G a, 
upon the prop a, then Ga x v, is as the force to pull the beam aſun- 
der lengthwiſe, which let be =G D (e) x, the force to break it 
laterally, i. e. (becauſe Ga=gS+d)gS+d =ew, whence v= 


kl But if 2 = the weight of the beam, G = the diſtance be- 


. Sg = 
tween its fixt end and its center of gravity, then Gz + ew =gSv 


dGzTedw and if y = the weight of the beam be- 


＋ d, 22 


low where it is pulled aſunder, or that part of its weight which any 
ways aſliſts in pulling it, then d G zZ Ted Wg. vy: 8. 
Note. If the beam be fixt at one end, g and 8 mult be meaſured 
from the under fide CQ, bur if ſupported at both ends they mult be 
meaſured from the upper fide thercof BD, ard then e taken for half 
the length, and w half the weight &c. (art. 291) allo, if the prop or 
fulcrum, dent into the beam, it will diminiſh its ſtrength by ſo much 


as d 18 ſhortened, b that denting. 

304. If BG AC (fig. 160) be a cylinder twined, or twilt-d about 
its axis Te T., let e P =eR E d, periphery of the ſection PK R 
=b, ep any ſmall variable radius e, then if the power of a particle 

rr 
d 


at P to twine about the ſection be 1 aseP ; 1: : ep: > 
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power of a particle at p, the number of ſuch particles between e and p 
are e, and as d: b:: e: 2 the periphery of, or particles in pr pr, 


whence — * *. ＋ (by theo. 78) = 20 = (when e 


| 4 
d) d d b. the total twiſting ſtrength of the whole ſection PR R, 
and (art. 301) is, equal the lateral ſtrength of a triangle I. = d, and 


baſe || horizon = b. | | 

Note. This article does not agree ſo well with wood as with metal, 
for the texture of wood is not the ſame in length and breadth-as it is in 
metal, where the power of ſpliting and breaking is the ſame. Theſe are 
the principles of ſtrength. | 

305. If a beam &c. is to be equally ſtrong throughout, or the 
ſtrength in any part of it proportional to the ſtreſs on that part. Firlt, 
if it be fixt at one end, and a weight ſuſpended at e diſtance from that 
end, the (treſs there (art. 295) is as w, and (art. 301) the ſtrength as 


bd d= nz, therefore e c bdd (wand n + 3 being conſtant } 
and if the upper, or under ſides of the beam be a reQtangle, or bevery 
where the ſame, then e & d d, the equation of the common parabola, 
if b =d, then e oc d dd, that of the cubic parabola, but if the weight 
_ preſs uniformly over all the beam then (art. 296) e e & bd d, and if 
b be every where the ſame, then e e & d d, ore of d, the equation of 
the plane triangle if b d, then e e & d dd, the equation of the ſemi· 
cubic parabola, | 

306 If AB (fig. 159) be a beam ſupported at each end, and bear- 
ing a weight on any variable point, or uniformly on all parts ofit then 


(art. 298) the ſtreſs at P is APX B p, ſo ABG Xx bdd & (if 


d= d) ddd & (if b be conſtant) d d, the equation of the ellipſis, but 
if a weight be fixt at any point E, then BP X b dd, (when bad) 
ddd, then A QE and B QE are two'cuhic parabola's, but if b is 


conſtant, then B P of dd, then AQ E and B QE are two common 


parabola's. 


207. Let there be two beams q and Qof the ſame matter, length 


e and E, each fixt at one end, depths there d and D, breadths b and 


B, weights of the beams W and 2, weights borne at their unfixt _ 


ends v and y, the diſtance from their fixt ends to there 
centers of gravity g and G, then their total ſtreſſes (art. 296) 


will be g w +evandGz+Ey, and ſtrengths (art. 301) bdd : 


n＋˙ : and B DD: m3 : now if the ſtrength muſt be propor- 
tional to the ſtreſs, then (putting p = n; and P = I 1 * 


m aspbdd:gwtev::PBDD: Nenn but becauſe 


Op 
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ſolidity is as weight, as cbde: w::CBDE: — 2, which 


t in the laſt proportion for 2 &c. we get CB DdGEW . 


| pebdd Eey =PcBDxXx:Degw+Neev. Theo. 195. 


308. If the ſections are alike, viz. mn, then p P, c=C,S Aa and 
A = their areas then a g pb d and A =pCBD=PCBD, chen 
the laſt equation will be Ad GEW ad Ee y SA Degw+ADeer, 


if y o, then Ad GEN] ADe gur A Deev, if the beam q and 


Q be priſms, or cylinders, then G E, and g=3 e, then Ad EE 
=ADeew + 2AcevD,-and Fahey be fimilar folids, then d = 


De, and ſlo Ew=ew+2ev, alſo if the beams are ſimilar, eykaders 
or ſquare priſms, then, we may write E and e for 2G and 2g, DD 
and d d for A and a, d E for De, fo the laſt theorem will become 
EEEw-+2ceey=EFex:w+2v:, whence y = 


—REFw_t ich ! 
. 9 —.—, in which if e be made variable 
BY Etc MATE 7 


= 2X: wav: 
, +, = 
309. It is proy'd by experiments, that the bending of a beam is az 
the weights laid on it, alſo by weights hung to the ends of elaſtic lirings 
as wires, hairs &c. their lengths by ſtretching, is found proportional tq 
the weights hung at them, except when they are going to break and 
then this increaſe is ſomewhat more, by taking the weiglits off none of 
the bodies are farmed to regain their former figures, except well tem- 
pered ſprings, tho they by often bending grow weaker, hence there are 
no natural bodies periealy elaſtic. Theſe things are allo proved in 
art. 263. | 
310. Lete= AB (fig. 161) the length, d D E, the depth, and 
b the breadth of the {treight beam A B, ſupported at both ends, if 
weights be laid on it till it break the parts E F, which are together at 


and the equation amaximum, we'll (art. 221) find 


, the beginning of the bending, will gradually leperate till the beam 
breaks, at whigh time they will be all parted, as in the figure, and 


while they are thus parting the bending or curvature is increaſing, but 


the greater DE is (all elſe bliog the ſame), the fewer parts will be 


ſeperated, ſo the curvature 1525 —-» and the longer the beam, the lels 
weight it will bear, therefore, bdd being as the ſtrength, the weight 


it will bear is as bd d e, which put for the greateſt weight, and — 


for the curvature when breaking, w any other weight and C the cor- 


\ 
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teſponding curvature, then it will be 29D : W: 4 : FS. C. 


311. When CDis very ſmall, ADB is very near a circular arch, 
whoſe radius let be r, then ce (Q AD UC DTUCA S2 


65 CD 1 I 
* — +0 2r Xx CD, whence —— Fr. K 


but the leſs r, the greater the curvature, therefore GD 1 Xx (by 
* | c ff, 


the laſt art.) C =, whence CD of , and it was the ſame 
7 . od bddd 

in reſpect of both curvature C, and deflection C D, from the firſt po- 

ſtion of the beam whether it be ſtreight or bended. Alſo in the out- 

molt ſtrength of beams, or their breaking poſition bd d & e (art. 


405) then CO 4 and the defledion CD oc ee+ dd. 


If the length of a beam be e, frxt at one end, and at the other 4 
weight proportional to e, the ſtreſs by art. 296, is as e Xe, or ee, 
but if it be ſupported at both ends, and the weight in the middle, 
then the ſtreſs by art. 297, is as + e x re, or ee, hence, the ſtteſs 
when fixt at one end, is to the ſtreſs when ſupported at both ends, as 
4 to 1, and therefore, if CD ecee + bd dd ſe being as w) when 
the beam is ſupported at both ends, then 16ceee + bddd CCD, 
whem it is ſixt at one end, (taking 2 e for e) if a beam be ſupported 
by two props within the ends, as at E at F (fig 204) let a equal the 
whole length D HD, e =E D, and z =FD, then FHE=a—=z: 
De, and therefore G H will be as the biquadrate, ofa — z —e, and 
C Dyas 16cece, alſo d Das 1622 2 2z, the ſam of theſe 3 will be 
23 all the deflections of the beam, which call 8, and if we take z Se, 
then a — 2e| £220 ece=S, its plain $ will be greateſt when e =0, - 
and if the equation be ordered as a minimum (art. 221) e variable and 
2=1, we'll have — 8 + 48e — g6ee + 192cce = a, whenee 
tranſpoſing — 8, and dividing by 48, we get e —2cc + 4cee=@, 
which ſolved gives e = 4 nearly, when the bending is the leaft, if the 
beam is ſupported at each end, and other two props to be ſer each at 
the diſtance e from the end, then each deflection for the length e will 


be as ee e e, ſo their fam will be as 2ecee; and therefore, a—ae| 

+2ccee=S, ſo inſtead of the above equation we'll have e - z ee 
+1,zeee g. where e , and thus may any number of props be 
kt ſo as that the beam may have the leaſt bending, | 


+ 


10 THE UNIVERSAL MEASURER 


Laſt y. Suppoſe the beam or bar A CB (fig. 161) to bend thro' the 
Ipace Ca, before it begin to break, let c = the weight laid ſoftly up. 
6n a, which breaks it when ſo bent, w = a weight falling freely upon 
C,. from the diſtance or height d, juſt to break it or bend it thro' the 
.Giftance Ca, put b Ca, e= Cn, any ſmall. variable diſtance, now 
(art. 309) the beam bent into the ao Aa aa exerts a force & 


ane Ca =b, therefore, as b: c: :e: * = force at n, ſo << 7 


by = force at n acted on w, but (theo. 152) v 0 = == (in this caſe) 


= (becauſe f==< —w — = (ſee theo. 78, becauſe 


e is variable) * ebw » but (theo. 166) v v d, whence, d = 


— and 1 b, then 2b wd = =bbc- à2bb , ſo 


. neatly, becauſe b in moſt ſuch caſes is very 


x. Hence, when d S, W = c, that is, half the weight will 


17 break the bar, when bent to its breaking poſition, that will break it 
win when unbent. 


2. The weight that by falling a given height will wah any beam 
1 is nearly as the ſpace (b) thro' which it bends before it breaks, kence 
| 1 brittle bodies break ſooner by percuſſion than others of equal ſtrength. 

1 Note. Here is no notice taken of the bar's weight. 
3. If gravity have _—_— or the OT thrown horizontally 


| againlt the beam, then << — W, will only be < _ ſo proceeding as 


I 
] 
before, we'll find 2d w = bc, whence w = ><, . 
PROBLEM CXCIX. l 
Of Hyar:flatics, hydrgulics, and pneumatics. . 
312. Hydroſtatics, is a fcience that treats of the properties of fluids, F 
313. Hydraulics, is the art of raiſing, carrying &c. of water as by p 
pumps, &c. ; 


314+ Pocumatics, is a ſcience that treats of "I air's properties. 
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315. The motion of a fluid is accounted for as that of a heavy body, 
but the motion or preſſure in a fluid is equally diffuſed all around in 
all manner of directions, and can only be at reſt when its ſurface is 

rallel to the horizon. . 

316. If a homogeneous body be immerſed in a fluid of the ſame den- 
ſity with icfelf, it will remain at reſt in any place, and in any pofition, 
but a body of greater denſity than the fluid will ſink to the bottom, 
and a body of ſeſſer denſity will riſe to the top and ſwim, henee the 
body of greater denfity loſes ſo much weight as that of an equal quan- 
tity of the fluid, and fo tends downwards only with the difference of 
thele weights, and this is the relative gravity of the body in the fluid, 
but if the body is ſpecifically lighter than the fluid it ſeems to loſe more 
weight than it has, and hence the body will tend upwards with the 
difference of theſe weights, and this is the relative levity of the body 


in the fluid, and the weight of this body is equal to the weight of 4 


quantity of the fluid as big as the immerſed part of the body; 


317. If a plane ſurface be perpendicular to the ſtream of any fluid, 
the ſtream (trikes the plane with the ſquare of its velocity; for its 
plain, that with n times the velocity the force of each particle will be 
n, and n times the number of particles will ſtrike the plane in the ſame 
time, conſequently the plane is {truck by n n, and becauſe the whole 
plane is thus (truck, it follows that na is as the impreſhon on the 
plane (a being = the area of the plane. 

318. Hence (and by theo. 158) as JD B: DC (fig. 143) :: 
the abſolute velocity of the fluid to that part of it which impreſſes the 
plane, and ſo is ſquare radius: ſquare incident angle C B D, 
when the plane A B is oblique to D B the dĩrection of the ſtream, ſo 
that if a = area plane A B, r — radius, S= fine CB D, we'll have 
as Tra: SSa: : the impreſſion in a T direction to that in an oblique 
one, | 

319. If a plane in motion be ſtruck perpendicularly by a fluid, it is 
Plain, that each particle ſtrikes that plane with a velocity equal to the 
difference between the velocities of the fluid and plane, whence, the 
inpreſſion of the fluid on the plane will be as the ſquare of the differ- 
ence between their velocities, ſo if v = the velocity of the fluid, and v 
—e= that of the plane, their difference is e, ſo: v e: x ee ẽ,ẽ 
Fe ee, the impreſhon, and in caſe of a maximum e = 5 v. | 

320. If there be two planes whoſe areas are A and a, velocities of 
the fluids V and v denſities of the fluids D and d, fines of incidence 8 
and s, then (by art. 318) the impreſſions on the planes are as A VV: 
av v, on account of the velocities, which yelocities (per laſt att.) are 


— 
1 


- 


* 
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asSS : 85, and the denſities being as D to d, the products of theſe given 
as ADVVSS: advwss, the ratio of the impreſſions. 
321. If a fluid falls from any height h it acquires a velocity, with 
Which it moves uniformly, and fo (by theo. 167) deſcribes 2 double 
ſpace in that time, in which it fell to gain that velocity. Let 8 the 
height in feet fallen by a heavy body in one ſecond of time, v = the 
velocity of the fluid, or ſpace it deſcribes in 1 ſecond, a =; the area of 
the plane, or baſe of a column of the fluid, h = the beight of this 
column, fit to acquire the velocity v, then (by theo. 167) 28 = ve- 
locity generated by gravity in falling thro? S, therefore (by theo. 166) 


as 488: 82: vv: — h, the height fallen thro” to gain the velo- 


4 
$ . ». JN LA: 
| City v feet per ſecond, ſo 25 = 2h, and -— 


of twice the height h, and (by theo. 155) 28 2ha =4Sha=rvra 

the motion generated by the weight of the column in 1 ſecond, viz. the 

body x velocity 2 8, this v va is the ſame with nna in art. 317, 

which ſhews. that the L force of any fluid again(t a plane is equal to 

the weight of a column of that fluid the bale vt the column being — to the 
area of the plane, and its height twice the height deſcended by a 
falling body to acquire the velocity of the fluid. 


322. If d = denſity of the fluid, then dah= 7712 = F, the 
25 


= force of the fluid againſt the plane, or d ah = 27 02 = P, the 
44 ot 


= 2ha=a columy 


U 


fame A. force, if the fluid ſtrike the plane obliquely, let 2 S ſine of 


incidence then d baz =P (ſee art. 320) if the plane 


be alſo in motion, the relative velocity of the fluid againſt the plane, 
mull be taken inſtead of the abſolute velocity, $42 

323. If inſtead of the fluid ſtriking the plane, we ſuppoſe the plane 

to move in the fluid, or a cylinder to move in it in direction of its axis 


h, the area of its baſe = a, its velocity or the ſpace it deſcribes in one 
ſecond, = v feet, and $ = as before, then its evident, .what was be- 
fore the impteſſion on the plane, will now be the reſiſtance of the plane 


or cylinder, that is (by art. 321) _ Sha the reſiſtanee, were the 
| = | 


particles of the fluid all driven ditectly forward, but ſince (by art. 315 
they move round in all dire ions, it may be proved (fee art. 325) 


2 


— — ___ a — . — — Fy 
= JW 
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that this reſillance is double too much, and therefore = =ba=R, 


the true reſiſtance, that js, its reſiſtance is = weight of the cylinder - 

— of the fluid. | | 
324. The denſer the fluid, the greater is the reſiſtance, for the more 

particles 1t contains, the note it mult reſiſt, and the denſer the body, 


the lels the relittance for the more particles jt contains the more po- 
wer it has to overcome thereliſtance, ſo if D == the denſity of the fluid 


ind d =that of the body, we'll have R. = © 22, and 
4840 d 


, we'll have R= ha, in which 


if x = 2 y/ nod, orven=#Þ 30 
D D 


caſe, the reſiſtance is = the weight of an equal cylinder of the fluid. 


225. Ifa globe 'fig. 162) move uniformly forward in direction GAs, 
draw GBD || C A, draw the tangent D H, and let fall G H DH. 
let GD be the force of a particle of the fluid againſt the baſe B, in. 
direction G D, then G H will be the force acting againſt D, in direction 
DC, and this force is to the force in direction G , as DC to D B, 
whence the force againſt B is to that againſt D in direction GD, in a ratio 
compound of G D to D H, and D C to DB, that is as D C to . 
DB, fo the force of all the particles of the fluid againſt the baſe, is to 
their force agaiaſt the convex ſurface as the ſum of all the D Cs ig. 
to the ſum of all the D B's, which ſums are as 2 to 1, that is, the 
reliltance of a ſphere's ſurface, is but half the refiitance. of the baſe, 
prof a cylinder of the ſame diameter. 


326, Whence 2 (ſee art. 323) becomes 93 that is, if A the 
diameter of a globe, its reſiſtance is the weight of a cylinder ß 
the fluid of the ſame diameter A, and its length 83. and if K a 


$A, or v 4 , then Z A, viz. its refiſtance- 
2 83. 248 

=vweight of an equal globe of the fluid. 

327. Let D = denſity of the fluid and d denſity of the globe, 


— -- 


then, ſince a globe whoſe axis is A, is Sa cylinder, whaſe height is 
A, the weight of the globe will be = weight of a cylinder of the fluid. 4 


Whoſe length is 2 and (by art. 316) the- weight of the globe is 
| : 


* 


*% / "7 
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the fluid is = weight of a cylinder of the fluid, whoſe length is 14 


X 4— P, but (by art. 321) the reſiſtance of the globe moving 


* with the velocity acquired by falling in vacuo thro' the height 14 * 


. is = weight of a cylinder of the fluid whole length is 14 
* D 3 | 
d 


* 2 therefore, the weight of the globe in the fluid is = re. 
"5 GO 
ſiſtance, and conſequently cannot accelerate the globe; whence. the 
greatelt velocity a globe can obtain by deſcending in a fluid, is that 
which it would acquire by falling in vacuo, thro' a Ipace 8, that is tg 
$4, 8d Dis 0 . 5 


X 5 


1 
328. If S4 SA, the reſiſtance is = weight of the 


3D 
globe in the fluid. 
„329. If a cylinder move in a fluid incloſed ina veſſel, inſtead of the 
a bſoldte velocity, the relative velocity in the fluid mult be taken in or- 
der to find the reſiſtance, and the narrower the veſſel the greater will 
be the reſiſtance, for then the more particles of the fluid are driven 
di ectly before the moving cylinder, and if the veſſel be fo narrow as 
none of theſe particles can diverge in all directions, but be all driven 
before the cylinder, then the reſiſtance is the greateſt poſſible, and is 
equal to the reſiſtance of a plane (art. 321) preſs d by the fluid, whereas 
if the particles of the fluid have liberty to deverge in all directions, the 
force of a cylinder of water againſt a plane, is double the reſiſtance ag 
equal cylinder meets with, when moving in water with the ſame velo» 
city, as is plain from art, 321, and 323. * 

330. If AB (fig. 163) be a cylinder L to the horizon kept con · 
ſtantly full of water, with a hole at the fide or bottom B, conſtantly 
running out, let $ = ſpace deſcended by gravity in one ſecond of time 
t = time in ſeconds of the waters running out, h = AB the depth of 

the veſſel to the center of the hole, a = arca of the hole, now (by 
theo. 167) if the cylinder of water h a, fall thro' half its height 3 h, 
by its own weight, it will by that fall acquire ſuch a motion as to pals 
thro” h uniformly in the ſame time, and the quantity of preſſure at 
any given depth upon a given ſurface, being always the ſame, the refore 
the water in the hole B, is preſſed with the cylinder of water h a, 
whence, the preſſure at B, will generate the ſame motion in the 


ſpouting water, as was generated by the weight of the cy linder b h 
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80 in the time of falling thro' h, a cylinder of water will ſpout out, 
whoſe length or the ſpace paſſed uniformly over is = h, and inthe ſame 
time repeated another = cylinder will flow out, and in a third part of 
time, a third &c. therefore, the length of the whole cylinder run out 
will be proportional to the time, and fo the velocity of the water at B; 
is uniform and therefore in the time of falling thro' half h, a quantity 
of the fluid ryns out = the cylinder h a, with a uniform velocity at B, 
= that acquired by a heavy body falling thro 4 h, and becauſe the 
velocities of falling bodies are is the ſquare roots of the heights, there- 
fore, the veiocities of the fluid ſpouting out at different depths, will be 
as the ſquare roots of the depths, and theſe velocities will be the ſame 
in any direction whether ſpouting upwards, downwards, ſideways &c, 
and if it ſpout upwards it will aſcend nearly to the upper ſurface of the 
fluid. From what is ſaid in this article, we have ta Va hS = quantity of 
water in feet, that runs out in the time t, (a, h, and S, being each in 
ſect = 6,128 tay 2hS ale gallons. Theo. 196. 

1. But if there be a rectangular hole in the fide of a veſſel con- 
ſtantly kept full of water then becauſe the velocities are as the ſquare 
roots of the heights (let e = any height of this hole or ſlit, and y g its 
breadth ) which ratio's form the equation of the common parabola, 
whole area is ey g a in art. 330, whence the quantity of water 
diſcharged thro” the ſlit e B ae (fig. 163) is the quantity diſchar- 
ged out of an equal hole plac'd at the whole depth e a, or at the baſe 
Ba in the ſame time, ſo taking h = ea, we'll from the laſt theo. have 
$x6,128rta 4/2 hs, for the ale gallons run out in the time t, 

332. If the veſſel is not kept full, viz. no water taken inat top, then 
ha will conſtantly decreaſe, and conſequently the velocity at B, 
whence, in this caſe the velocity at B, is but half of what it is when the 
vellc] grows no emptier. | 

333. A fluid ſpouting thro? a hole, endeavours at a ſmall diſtancg 
from the hole to contract itſelf into a kind of ſpire, by which its yelo+, 
city. is ſomewhat increaſed, and the thinner the hole is, the greater is 
this increaſe, and if the hole be in a thin plate of metal it will acquire 
a velocity neat =that acquired by a heavy body falling thro' the whole 
height h: alſo, from the reſiſtance of the air, all bodies projected up- 
wards fall ſhort of theſe projected in vacuo, by ſpaces which are as the 
ſquares ot the heights, as in {mall heights of fluids ſpouting, is proved 
by experiments, There is great difference in ſpauting veſſels on ac+ 
count of their forms, bigneſs of the hole, &c. to help which, let A 
area at AA the water's ſurface, 8, a, t, h as in art. 330, then as 2 A? 


Cc 
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a: A*:;h: hA* H, the height of a falling body to acquirg 
| 2A* a | 


the velocity of the water at the hole B, and if the area of the hole be 


put fmall in reſpect of A, then H = - 2 
| 2A*—0 
330, but if A = a, or the veſſel have no bottom, then H= * 
| - 2A*'—A* 
=h, (ſee art 441, and 442) whence it appears that the velocity of 
the ſpouting fluid can never be leſs than that acquired by falling thro? 
h, the veſſel being conſtantly kept full, but if no water runs in whillt 
it ſpouts out, then it mult be as 3 A* —a* :A*::h: —— 
—a 
ſoin both caſes it may be 12 H, the height fallen thro' to 
n — 4 


= k᷑rh, as before in art. 


. . 
the velocity at B, ſo (by theo. 167) as 8: 28:: : 
gain city a b 7 a8 N v EY 

a 5 
8 . 
ſpace uniformly paſſed thro' by the water at the hole B, in one ſecond 
which multiplied by t and a the area of the hole, &c. gives 2 t 3 


to : = the velocity, or 


* 3 — — : feet for the water run out in one ſecond, Theo. 197. 

334. Since water will run thro” a hole in the fide of any veſſel filled 
therewith, it is evident that the ſides as well as the bottom is every 
- Where preſſed with the fluid, and that with a force proportional to the 
weight of the fluid above the place preſſed; let therefore, a = area 
of the cylinder's baſe (fig. 163), and ſuppoſe its height A B, divided 
into anintinite number of equal parts, beginning at top A, o, 1, 2, 3&c, 
n, then the ſides at each of the parts will be preſſed with the weights 
©, a, 2 a, Za, &c. na, foo +a+24+3a+8Kc.:+na=znny 
the whole preſſure againſt the ſides = + ha, becauſe nna, is as the 
whole weight, but the bottom a, bears the whole weight ha, of the 
fluid, fo the preflure againſt the bottom is to that againſt the ſides 
as ha: 2 ha, or as 2 to 1. 


335. If ABC Df (ig. 164) be any veſſel containing a fluid, and BL, 
ED, GF C, and HF O K, be Is to the horizon, G B, FL, CD, |[s 
thereunto, then if the fluid be poured in at the top AB, till the veſſel is 
filled to n L, it will riſe in the other part to Fa, the ſame level, whence 
it follows, that if A and a be the baſes of two veſſels of any kind or any 
ſhape, H and h their beights perpendicular the horizon, the preſſure- 
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vil be as h a, this confirmed by experiments, for if a veſſel f K, be 
made ſo as to open like a pair of bellows, and a tube F GH, of any 
diameter G H, fixed to it by pouring water in this tube, it will raiſe 
the upper baſe F a, loaded with a weight f, nearly = that of a column 
of water of the fame baſe Fa, and h = H K, that of the veſſel and, 
tude. | | 

336. The force or preſſure is every where directed Aly againſt the, | 
inner ſurface of the veſſel (by theo. 157) ſo at f, it is directed upwards, 
at L ſideways, and at K downwards, and as the ſame heights are 
equal, viz. the preſſure at L and F is equal, becauſe B L = GF, alla, 
the preſſures at D, O, C, Q are equal becauſe EDSHO=GHU 
c. and at K the preſſure is as HK. 

337. Hence (and by art. 334) the preſſure or'ſtreſs on any pipe of: 
tube full of water is as the diameter of the pipe and the 4 height of 
the water above that place, fo, as the internal preſſure on any length 
of the pipe, 1s to the {treſs It ſuffers as to ſplitting, ſo is 2X 3.1416 to 1, 


338. Let A and B, be the bulks, or magnitudes of two bodies, A 
and d, their denſities G and g their weights or gravittes, now the 
denſer bodies are, the more matter they contain, and the greater they | 
are the mo re matter they alſo contain, and the weights being as the 
quantities of matter, it will be, as AD: G:: Bd: g and if A B 
then as D: G:: d: g, or if DS d, then as A: G:: B: g, but if 
G=g, then as AD: 1: : Bd: f, or as A: d:: B: D. 

339. Since the ſpecific gravity of bodies, are as the weights of equal 
bulks, they are therefore as their denſities, ſo whatſoever is ſaid in 
teſpect to the denſities of bodies, is true in regard to their ſpecific 
gta vities. 

340. That is, if the weights be equal, the magnitudes are inverſe- 
ly as the ſpeciſic gravitics, viz. as A: d:: B: D. | 

241, Let a= the ſpecific gravity of a body A, B = its weight in 
water e = the ſpecific gravity of water, then (by art. 316) the weight 
loſt by the body in the fluid is = A —B = the weight of an = bulk: 


of water, ſo (by the laſt art.) as A B: A: : c: £3 

A—_B 
ib, the ſpecifie gravities of bodies will be as their weights (A) in the 
air Ys and as (A - B) inthe ſame fluid inverſely, becauſe e id 
conſtant, 


342. If the ſame body is weighed in ſeveral fluids, and be ſpecifically hea - 


dier, thed from a = . , we have e , or e C 


a- B 1 


= 2, that 
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AB, hence the ſpecific gravities of theſe fluids are as the weight of 
the body loſt in the fluids, ; 

343. Let a and b S the ſpecific gravity of a mixture of two bodies 


A and B, c = the weight of the mixture, d = its ſpecific gravity, then 
if z = the weight of the body A, c 2 will be = that of B, and (by 


art. 341) —and — will be the weights loſt in the fluid, and 


| = that of the mixture, then if 4 . be taken = = we'll 
d | a d +26 


have 2 , or d = A.2. , &c. for any of the 


3 bz—aZz-+ac 
letters, the reſt being given. 
345. If we take m=zandn=c—2, then — += 0 — _ 
vill be =+ - A whence, a = > or 28 . — m 
n / 

2124. | 

346. Burt if one of the bodies (A) be ſpecifically lighter than the 
fluid, it will be as m 2 ———— : 1: a, and thus may a table of 


ſpecific gravities be calculated, and an irregular ſolid &c. meaſured 
thereby, thus, let w = the weight of a cubic inch of water, or any 
other fluid that the ſolid is to be immerſed in, d = the ſpecific gravity 
of the ſolid, then as 1: d:: ſolid content in inches: weight in oug- 
ces, &c. | 

347. A fluid is a body, whoſe parts yield to any force impreſs'd 
and are eaſily moved amongſt themſelves, there are two kinds of fluids, 
as bodies, viz, elaſtic and non: elaſtic, a fluid is elaſtic when it can be 
reduced into a leſſer ſpace by compreffion, ſuch as air, which differs 
from other fluids in theſe particulars, (1) it may be preſſed into a leſs 
ſpace, and ſo can noother fluid, (2) it cannot be congealed or any how 
fixed, and all other fluids can (3) its denſity every where decreafes from 
the earth's ſurface upwards ; but other fluids are of an uniform den- 
{ty throughout, &c. 

Non · elaſtic fluids are ſuch as cannot be reduced to a leſs bulk, ſuch 
as water, &c, | 

348. If the particles of air have all the ſame elaſtic force, the com- 
pretling force mult be as the number of particles preſs'd, but if there 
be two equal bulks of air and the denſity of the one be = n times the 


acc S<5 —- ©o 
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denſity of the other. the latter contains n times more partieles than the 
former, Hence, if all the particles of air have the ſame elaſtic force, 
the force of compreſſion, (by art. 338) is as the denſity. f 


349. The elaſticity of the air is the foundation of the air pump; 
for when the piſton is forc'd down to the bottom of the barrel and rais d 
up again the air in the receiver will expand itſelf and part of, it wilt 
enter into the barrel, ſo that the air in the receiver and that in the 
barrel will have the ſame denſity, which will be to the firft denfity as 
the capacity of the receiver, is to the capacity of the barrel and re- 
ceiver together, and by repeating the motion of the piſton a ſecond 
time, the denlity of the air will again be leſſened in the ſame ratio, and 
ſo on; by which means the air in the receiver may be reduc'd to the 
leaſt denſity, but can never be entirely exhauſted, for the air which is 
exhaaſted is only puſhed out by the ſpring of that which is left behind, 
if therefore every particle were ſuppoſed to be exhauſted, the laſt bl | 
particle would be puſhed out without a cauſe, contrary to art. 233. wal 
Hence, if m S the capacity of the receiver, n = that of the barrel, d Hy 
= the denſity of the air in the receiver before the pump begin to work, my 


then 1 
As, nm: n:: d: e r | 1 
* the denſity 85 = 
nm: u:: dn a. of the air | nas dt | 4 
nm n+n[* | in the re- | the piſton | 1 
a4min:: dunn dunn ceiver aſter „gen . Fil 
n +m|* nm the | 5 199 | 

and univetſally 12 = k | 4 

nm „ 


350. Hence, ſince the ſpring or elaſticity of the air is the force it 
exerts againſt the force of compreſſion, it follows that the air does the 
ſame thing by its ſpring, as a non-elaſtic fluid does by its weight. 

351. Since the leſs ſpace a body of air is confined in, the greater 
mult be the force of compreſſion that confines it, it follows that the 
compreſſing ſotces · are inverſely as the ſpaces which contain the ſame 
quantity of air. 

351. Let there be two unequal cylinders A and B, whoſe diameters 
are d andr, heights = a and e, filled with two different fluids of den- 
lies, , m, and ſuppoſe the ſun: of theſe columns in equilib. with a- 
nother column C, whoſe diameter is r, height = b, filled with a fluid 
df mi, denſity, then (by art. 338) paddn, perrm, and pbrrm, are 
the weights of the as Gen lopaddn +perrm = pbrrm, of 
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addn +errm=brrm, and if r =1, then addn +em=bm; 
b -e: m ba 
or dd = 3 1 


or if d ↄ r, then e = 


theſe quantities. 

35 2. But if one of theſe columns (A) be air, and their diameters 
all the ſame and the fluids B and C of the ſame denſity, ſuppoſe a po- 
wer at B (hg. 165) to ſuſtain the column B D, of the fluid B, or C, but 
if the columa of air E F, be added the ſame power B can only ſuſtain 
the column B C of the ſaid fluid B, then its evident the column C D, 
of the fluid B being the difference between B D and B C) is = the 
elaſtic force of the air in EC (ſee art. 350) and becauſe cylinders of 
equal bales are as their altitudes, it will be as the weight of the fluid 


in D B, is to that in DC, :: DB: DC 22 and (by art. 251) 
L B, 


as the force of the air when confined 3 in E C: its force when confined 


inEF::EF: CE 2 ; fo, ET 


is as the force in E F, 


E F EC 5 
therefore 4. = DC , whence, as BD: CD:: EC: EF, or 
CE. D B 


as BD(b):BD—BC(bee)::BE—BC(h-e) :EFlc) 
ergo, be = eee which by compleating the ſquate 


&c. we'll find e= N: 9 h 7 4 —.— &c. if you'll 
fs; 
have other of theſe quantities. 


353- If AIK C, be a compound barometer (fig. 166) cloſe ſtopp d 
at A, and open at C, empty fm A to D, filled with mercury from 
D to B, and with water from B to E, the diameter cf the leſſer tube 
F K C, to that of the greater tube FI A, as 1 to d, the denſity of 
mercury to that of water as m: 1, take the points H. G. in the ſame 
horizontal line with B, then becauſe the air preſſes equally in all direc- 
tions, the fluid in G K B, will be in equiſib. with itſelf, as will alſo the 
fluid in HI B, whence all the compound between G and H, is in equi- 
librio with itſelt; conſequently, the column of mercury D H, is in 
equilibrio with the column of water GE and a column of air of the 
ſame baſe conjointly, and ſo will vary with the ſum of the variations 
of each of theſe, let v = the variation of the air's weight, which is 
meaſured by the ſpace the mercury moves in the common barometer 
in a given time, e = the ſpace which the water moves thro' at E, ia 


- tbe lame time, then (becauſe. cylinderic ſpaces are inverſcly as de 
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fquares of their diameters) it will be as dd: e: 17: = = the ſpace 
moved thro or variation at B, therefore G E, the difference of the legs 
EK and K B, will vary in its weight by e + — = — Alſo, 
5 d d 


face the ſpace moved thro” by the mercury at B, is = that moved 


thro' at D = _ the difference D H will vary its weight by _ but 


dde ge g 
d d 


adtude of water, it will be as m: 1:: dde TE. dde e, equal the 


dd md d 
height of the mercury of the ſame weight, conſequently 500 2 + 


this variation of weight is = both the former, and ſince 


dde +e . or as e: v:: ddm: am- dd 
"v1 zm — dd —1 


PR | 

354. The body of a water pump (fig, 167) nm HC, is called the 
pumps barrel, A G the ciſtern into which the water comes and runs 
out at a ſpout A, the part EF CH, which goes down from the barrel 
into the water at B. is called the pipe, or ſucking pipe, the piſton ID 
mores in the barrel by means of a lever or handle P G, &c. when the 
pilton deſcends to H C, the air contained between it and- the valve v, 
(in the pipe) being reduced into a lefſer ſpace will be condenſed, and 
by its elaltic force preſſes down the valve v, and ſo forces open the 
rave D, (of the bucket in the pitton) and ſo riſes above the pilton, 
then by raiſing the piiton, the weight of the atmoſphere preſſes down 
| the valve D, ſo that no air paſſes thro' the backer, by which the air 
that remained between v and D, will be rarified, and as that in the 
pipe is denſer than that above v, it acquires an claſtic force fit to raile 
the yalve v, and ſo enters into the barrel till the air in both is of the 
lame denſity, then the atmoſphere preſſing on the ſurface of the water 
EF, in the well, cauſes it to riſe into the pipe B v, and in moving the 
piſton in this manner the water will riſe into the barrel, and from thence 
Into the ciſtern, provided the length of the pipe E H, between H and 
the ſurface of the water in the well (ſee queſtion 178) do not exceed 
35 leet, but becauſe part of the air which enters into the barrel is fore'd 
coun again into the ſucking pipe, by the ſhutting of the valve, the air 
eangot be (ſee art 349) intirely taken out, and ſo this height is ſettled 
[34 lect which anſwers experiments. Let a= DH che diltance 
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moved by a ſtroke of the piſton, b E H the height of the pipe, 3 
334 feet, e = the height to which the water riſes in the pipe (at the 
Grit ſtrokes of the piſton) and ſuppoſe the diameter of the barrel equa] 
that of the pipe, otherwiſe they mult be reduced to the ſame diameter 
by dividing the capacity of the barrel from HC to the end of the ſtroke, 
by the ſection of the pipe, thus if the diameter of the pipe be d, and 
that of the barrel D, and the length ofa ſtroke l. then ID D — the 
capacity, ſo | DD + d d, ſo, if the piſton moves | inches in the barrel, 
it anſwers to | DD + dd inches in the pipe, the piſton in every ſtroke 
- ſhould deſcend cloſe to the valve v, at the pipe's head, otherwiſe the 
riſing of this valve will be partly ſtop'd by the waters weight above it, 
which ſo much ſtops the working of the pump Then, when the piſ- 
ton is raiſed the height a, the air in the pipe would be rarified into the 
ſpace a b, did the water not riſe in the pipe, but the water riſing to 
the height e, this air is reduced into the ſpace a + þ — ©, ſo (by art, 
351) its denſity before the ſtroke, will be to that after the ltroke in. 
verſely as a + b — e : b, but becauſe the air in the pipe was in equilib, 
with the atmoſphere before the ſtroke, it will be of the ſame denſity, 
and ſo its elaſtic force will be as c, whence as a +b—e:b:;c: 


be the denſity or elaſtic force of the air after the ſlroke, which 


. — — — — 


a+b—e | 
together with the weight of the water e, are in equilib. with the at- 


moſphere immediately after the ſtruke, viz. e + — 
| a+b—e 
.-cb—ce=ca—ce,or: a+b+c:xe:—ee= wc, or putting 
2z=a+b+c, then 2ze —ee Sac, which by compleating the 
ſquare &c, gives e=z—4/:2z + ac:, | | 
355. (By theo. 168) we have 4/c for the velocity with which it en- 
ters the pipe at E, and (by theo. 169) e ib, for the velocity with 
Which it enters into the barrel at H, whence the piſton moving uni- 
formly in the barrel. The water in the pipe follows it with a vat 
able velocity, the greateſt velocity being to the lealt as / c : Ve 
356. But it's evident, 2 pump diſcharges moſt water with the great- 
eſt caſe, when the water in the pump riſes cloſe after the bottom of 
the piſton for then there is no vacancy between the water and bottom 
of the piſton, and ſo no part of the ſtroke is loſt, nor any of the water 
hindered, as is the caſe when the water moves faſter than the piſton, 
now becauſe the piſton, and conſequently the water in the barrel 
moves uniformly it is evident that the uniform velocity of the water a 


the bottom of the piſton, will be the velociiy of the piſton, when the 


Sc, ſo, ea 
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pump is in its beſt perfection. Let $ = the ſpace deſcended by a beg 
body in the firſt ſecond of time, then (by theo. 167) as 8: 


"PL / 
v/c—yd: 2 * — — =24/SC—2y/Sb=zyv, feet per ſe- 


cond, the uniform velocity of the piſton, 


37. Suppoſe the higheſt elevation of the piſton to be Dv, and let 
Ev + Dv b put v = the velocity of the piſton. D the diameter 


of the ba re d S that of the pipe, V = the leaſt velocity of water 
that riſes in the pipe, which (by the laſt art.) is found V = 24/Sc — 
24 Sb, now if (DD) the bore of the barrel be greater than (d d) 
that of the pipe, its manifeſt that the water will run out of the pipe 


into the barrel with a greater velocity, in proportion as the bore of the 


barrel is greater, fo it will be as DD: V:: dd: v, whence DD y 
=ddV, or V= ec. = 24/ $c— 2y/ $b. Theo. 199, 
dd 


Any one of theſe quantities may be found it all the reſt are known, 
by which a water purap may be fitted to the belt advantage, bur here 
obſerve that the water as it riſes in the pipe meets with ſome reſiſtance 
from the ſides of the pipe ſo the velocity as before found may be a 
{mall matter too much. and that the water may meetwith the leaſt re- 
filtance, let the diameter of the bucket s cavity be = that of the pipe, 
and the inſides of the barrel and pipe truly cylinderical ; the diſcharge 
of water is the ſame, whether the valve v be placed at the bottom of 
the barrel, or bottom of the pipe at E or near E, as is eaſily gathered 
from the foregoing demonſtrations, when the valve v is placed at H, 
it will be eaker come at when it wants repairing, which it will oftner 
do than if it were placed ncar E where it is always kept wet. 

358. Since the riſing of water in a pump depends intirely on the air 
being taken out above it, the parts thereof ſhould be ſo tight as to let 
in no air, and then the water (fee art. 354) will riſe to the height of 
34 feet below the loweſt deſcent of the piſtov, but by reaſon of the 
water's weight &c. (in this fort of pump called the common, or ſuckin 
pump) it cannot be carried much above the piſton, ſo in heights above 
34 feet there is uſe made of two other kinds of pumps working ig 
frames and forcing the water above them, &c. called forcing, and litt« 


Og pumps. 1 
Dd 


: 
„ 

- 
| 
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PROBLEM CC, | 
To find the path of a prejectile in & non reſiſtiung medium. 
359. Suppoſe a body projected from the point A (ig. 168) i in direcs 


tion A C with a velocity v, fit to carry it over a given diſtance d, in 


the time t. Let b = the diltance fallen by a heavy body from a {tate 
of reſt in that time, 8 = five L CAB, which Am EB the path of 1 
projectile, makes with 12 horizon 1 70 c =its co-ſine, r = radius, 


then (by theo, 4B) — —=AG and — — 26 H (e being = AH) now 


becauſe the ball, or PR in motion, is by the force of gravity con- 
tinually compelled to leave its right line or direction A C, it mult 
therefore deſcribe ſome curve, as Am E B, where A C is a tangent ta 
it at the point A, but as gravity acts always || G H, it does not alter 
the velocity of the body in that direction, ſo if we ſuppaſe E H to more 
parallel to its ſelf along with the ball, its plain the motion of the ball 
in this direction may be looked upon as uniform, and then as d : t 


— : =_ = time of the balls deſcribing A m, and (by theo. 166) as 
C 


tt: b:: ret : : rreed__ G m the diſtance fallen thro” in that time 
def © ddec 
iel 


acc ü 


and when m H is a maximum we'll have dd Sc - 2 rreb go, whence 


e a. AD and then U m becomes 2 E D= 5599, again 
r ü 4brr 
ddesc—rreeb 
if e be taken = AB, then if m=0 = — 1 whence e 
c 


== 2842 = AB, which is double to the value of A D laſt found, and 


rr b 
55 proves the ball to be Meret when half its flight 1s performed, when 


EE BEI D, wene- 2 G H, becomes 54% . FD, which 


2 rrb C Arb 


i double to ED = $8dd 

Ard 
parabola, for in that curve, the ſub-tangent F D is double ED. 
Theo. 200. 


360. From this theoremis deduced the principles of gunnery, where 
note, 


, whence the path Am EB, is a common 


AND MECHANIC. 211 


abr. The 57 BAC, which the oun's axis makes with the plane 
bf the horizon A B, is called the elevation. 

362. ED the greateſt height to which the ball riſes in its fight, is 
called the height or altitude of the projection. 

363. If the ball were thrown directly upwards with the ſame yelo« 
city, the height A P, to which it would riſe, is called the impetus. 

364. The diſtance A B, between the gun A, and B, where the ball 
6rt ſtrikes the horizon, is called amplitude, random, or horizontal 
tange, which is greateſt Vhen the elevation is 450, becauſe the fine and 
88 dd for S K 8; 

rrb 


co-ſine of 45 are equal viz. c =S, and then A B 


is greater than any S x c. | 
365. Becauſe— ＋. =ED, and — —= A B; therefore as, ED 
47 r b rr b | 


tAB:: 8d 4s :e, hence s 2311 A4 B 4 BD, 
41 Tb rrb | 
ſo 4E DS AB, wken s = e. 


366. When the ball is projected directly upwards then c'= o, and 
r=S, and then — d d =ED, becomes = AP, but if 8 = fine of 


4rrb | 
45* then Ir ss ss, of ss gArr, then ED — rrdd — dd. 
8rrd 8b 
whence, 8 A P: ED 8888261 Bat per laſt art. 4 E 
4 | 


Ag, ſo as, AP: AB:: 1: 2, i. e. the greateſt amplitude is always 
double to the impetus. 

367. Its manifeſt, while the ball performs its whole flight, a heavy 
body from reſt would fall from G to B, fo let n= tangent LC AB 
a AB, t = time of the balls flight, r = radius, then (by theo. 47) 


as Tr: n:: 4 : —= = BC, and (by theo. 166) as b: U 1 ſecond : 2 


na na a 
7 Stt, but if n = tangent 450, then n= r, and lo = =tt, 
in ſecond, and a in feet, 

368. Becauſe the motion of the ball, or the line G H, along the line 


ACand AB is uniform, therefore as a (A B): H (t) ::e (AH) 
| rb 


— — 


\ 


e = = time deſcribing Am, 
ar b 
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| 369. Let a = amplitude, 8 — ſine, c = co-line of the elevation, 
and y = fine of its double. Alſo, let A, C, S and V, denote the ſame 
$cdd 


rd 
= AB, it will be, as A: a ore $C, but (by 
rib rr b 

theo. 0 Sc Sry, and s c- 1 ry, whence, as A : oF. I 2.8 £5: 
ry:: M: y, andifS=line 45* then Y=r, and as r: A:: y: 4 

370. a S = line 35 then A = greateſt vn PRES — 1 im- 
petus, ſuppoſe = 2 m, (lee art. 364 and 366) theretote as r: 2m:; 

2 m > 
2 
r 

371. Let v= the velocity with which the ball ſets out, which being 
thrown directly upwards would rite the height A P = m, fo (by theo. 
169) the ball mutt fall thro' AP, to acquire ſuch . which in 


direction A C being uniform, it will (by theo. 167) be as, b: 4bb:: 


m: 4 bmæ vv, ſom b 
372. Leth = E D, the . of the projection, then (by art 365 
8 


things in ſome other projection of an equal impetus, then from 


= 42. 


a$C:8::a:4h, ergo, h = * — + a, from theſe equations we 


get as altos; viz. 
na 2myn 48cm gqgscmrs 482 m (ſee art, 


373. wt 11 222 —— — —U—ůUE—̃ 


rr b rr b rr be rb 
17652 —..— 
r b 0 
374 3 yyy sc _4$cm — 4ch 
45 r 2 21 b r b 72 1 8 
375 „ =3ttb, 
bs 4rb r | 
376. (By theo. 47) as (AD) Z a: OD F) 2 h,: 21 n 4 
ö | a 
(= tangent L CAB) and (by art. 167) tt == 2. bt 41 ba 
r b a 


— 55 and becauſe "a is conſtant, therefore t t c h, or t C h, 


be the eleyations 5 ranges what they will. 


. 
9 
1 
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377 From art. 373 and 376, we have t t 4b dn 


rb 0 
, orrbbtt= ssvv, fo per 


= rh, alſo by art. 273tt = LEED 


-r bb 


laſt equation, r b bt t N whence v = b , or (by art. 
m h 
2y/rbh Kc. 


3752 


378. If S = the ſine of elevation, c = its co- ſine, a = amplitude, 
i = impetus, h = height of the projection, t = time of flight, and n 
= tangent elevation of a gun g, and 8, C, A, I, T, H, N, the like 


things of another gun G, r = radius, then (by art. 374) 4 h 
MF 88 
4rsc 


— 


or rh iss, as alſo, r H=1ISS, now ifh = H, then iss 
r 

2 188, ſo as /i: AI:: 88s. | 

379. If i = I; then ITS =, or SSh ss H, hence, as / h: 


H:: 8:8. 
380. If s 8, dben I = 22, or Hi = hl, hence, as I: i:: 


H: h. 0 | 
381 If a A, then ics =IT CS, hence, asI:i::$c: SC, 
332. Alſo, when a = A, then Sch =s CH, ſo as, H: h:: 80: 


C, | =_ R 182 arti 
but (by art. 176) rs =cn, ſo =. whence — = F- 


or Nh =n H, therefore, as-H:h::N:n P Sc :$8C::1I: 1, (byart, 
381 and 382) :: TT :tt (by art. 376). | 

383. If e = the horizontal diſtance of any object and q, the time of 
fl gut thereunto, of the gun g, and E, , be the like things of the 
gun G, then (by art 368) as A: T:: E: — = Q. and alſo — 

F a 
q now if q , then TEa=teA, and if H b, or Tt, then 
Ae Sar, and then as A: E:: a: e. 

384. If v and V, be the velocities of the balls from the gun g and 
6, t and T, the times of flight over a and A, then (by theo. 153). 
IVA, and ty & a, hence, as TV: A:: ty: a:: E e, andif 
ee 2 Aa: : E: e (ori VU Ti 
4: Ez e. 


1 


wm - or 
2:7 N * — — "INE — p 
—— — 
— 


Em 1 


„„ 
ö 
—— 


_ = £ — 
— n ————ů —ů 
ha * Ir K 29 
@ _— ——— 
> — _— wy a 
” 


— 
* 
2 
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rbb 
_ rr. ors vezSY, 8 v 2: 828, or if 


8 228, then =, or Ty=t V, ſo as V: T: 3 Vt, and When 
6 V | | 


85. (By art. 373) LA tt, and 3 rn and if t = 


> > ul 2 0 . A'S L . . 
neither are equal, it is as V: v:: 17 whence velocity, time and 


ſine of elevation here, are he ſame as velocity, time, and ſpace in uni- 
form motion. 

386 But the velocity of a projectile in any point of the path, is ag 
the ſecant of the L of its direction above the horizon, for A H, the 
horizontal velocity is the fame at all points of the curve, and the” ve- 
locity AG at A in the path Am E B, is the lecant of the L of ele. 
vation G A H, hence, the vclocities at any two points in the curve 
Am E B, equally diſtant from E its middle, are equal. 

387. If the body or ball be projected on an inclined plane A m, let 
Y = the velocity of the ball in 4, or the ſpace it moves der in time 1, 
b =the ſpace fallen thro” by a heavy body from reſt in that time, s 
LCAm, cg ſine LGA P, or A G m, 2 g ſine LP A m, or Am H 
= ſine LA m G, and ag Am, then (by | theo. 48) as Ca 


5 = AG, and as e: a: „ Gm, but (by theo. 152) as v: 


\ 


(4 r — : == 2 = t, time ese AG, alfo (by theo, 166) 


a eee de, calling from relt Io 
G m, and that t = t is manifeſt, becauſe A G 0 G m are both de- 


4 0 . AA Zz 2 8 4 422 
ſcribed in the ſame time, therefore tt tt, VIZ. op 


CCVvVY 
, 8 v 8c uv N 
, whence, à 2 A m = * or a & | » (becauſe b 1 
Z Z b ZZ a 


conſtant.) 
388. If Ad ↄ m d, then e is the vertex of the path A e E m, in te- 


ſpect of the plane A m, and then (by art. 366) de 4 Gm = 


— —v—— 


| 2 · b 422 d, 
of the oblique projection. 


| - (becauſe a2 ere ti call h, viz, de =h, the height 
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399 Lett t = time of of fight, from A to m, then (by' art. n t 


v v 
cv. 75 | 2b 


89 <—_—y 


N t 1 n 
12 422 b 285 22 
sc Lu. 


391, Becauſea= u, therefore, z and b, continuing the fame, 


2 2z b 


i vil be as ST, which will en when S c, or LAG = 


LG AP. 


392. Let m che impetus, enen (by at art. 37 „ ßletes⸗ AH 


r tangent LH Am, Um I, or L m, radius = 1, then (by theo, 


#1) ne=u, and y n = line LH A m and z =itsco-ine A mH) 


or ZA Se. 1 
se v v serem „ 
393+, Whence e224 = , ore & . K „ or 
2 b 2 3 
en. 9 
Z 


394. Theſe things are true whether m be above, or below; the 
horizon A B, and from theſe equations, we get theſe following, viz. 


g $CVV sem e u 

395.42 =? - — 
bz 2z 2 2 „ J. 5 
Issy rn 


398. Theſe things may alſo be proved from the problem ite thus, 
Let radius S r, and c, 2 d. b, h. a, c, be the ſame as in art 359 and 


369, then becauſe, = = __<* hase (and by trigonometry) 
S -ddcc | 


rage dd, and eb, (taking b B C, d — BY 


ORB ad Ee ae — ee: but (by art. 176) = 


Gs 


t Stangent LC AB) foh =—x: ae — ee: from whence 


ve get A Hr 2 Tra: 4 =; . 


s r „ 2s 1 v 27 | b 


F 


» 


: 
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399. If e and h, with a the greateſt amplitude be given to find the 


elevation, then (per art. 369) — =D preſent amplitude, whence h = 


es eCes, &:8: i £8 | zrr tt: ee 
— becomes h === — LCC, r eee 
C Ca ' 1 r 2arr 
.24cc 


_”—_ * — 3 : 
( becauſe by art. 176, 185 A, and — = rTit) =2 arrh=2aret 
| + of HP ers ql 22 a 
rree t tee, which ſolved gives t = +. 24 — 20 he - 'T — 
| A - 


(bur whene=A L)= N +2 —— (but if m 
. LL. 
; | : 4] -i4et+4b, 

dias r being taken = 1, and 4et— 4h, when e= A H, bot yet + 
4h, when te = AL, if the L of elevation (t) be required, fo as m the 
impetus may be the leaſt poſſible,” then by making t variable in m = 


«rr tt: XN ee ; 
2 , we ll have aztte L 2trh —rre—ett g, =a 
41 SKT ATT "yes 


5 the impetus be required, we'll have m a= 


minimum, whencet = "> Ih rr: but (by theo. 4 
rh g en (n= tangent Lm AH), ſo t nTViUun A rr, bu 
(by art. 176) nn rr ss (s ſecant Im A H) ſo t /n 
whence Lm AG =LGAP (as by art. 391) fo the required leaſt im- 


petus will be imma cit 12,07 asr:tLGAB::e:a 


| 2 2 | 
en 4 „erte 
Alſo, becauſe b, we have (by art. 399) 4 a = e 0= 


tangent m AH), the object's elevation or depreſſion. 
; 2arv itn g fl 
rrAtt 5 


| 400. From the laſt art. we'll bave e= 


cant Lm A H, the inclination of the plane and d = Am) whence d= 
„: t a: (e g ſecant L m AH, the ck 


rTT It cc 
vation. | | 
401. The greateſt random upon a horizontal plane being (by art 
364) When the elevation is 45® but by reaſon of the air's reſiſtance, 
this elevation muſt be ſomewhat leſs than 459, and the ranges abo"! 
45* will ſcarce go ſo far, or thoſe ſo much below 459. Alſo, the 


lighter matter bullets are made, the greater will be the rcſiſtance 
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8 | 2 
tr take two equal quantities of any matter ſuppoſe lead, and of the 
one make a globe, but of the other a ſphere of a double ſutf ce, then 
its plain the reſiſtance of the ſphere will be double to that of the globe, 
(every thing elſe being the ſame) for a double area or ſurface mult 
ſtrike a double number of particles of the fluid, Hence, with the 
ſame charge of powder a ball will go much farther th:n a charge of 
Gnall-ſhot of equal weight. But in the practice of gunnery the teſiſ· 
tance of the air is not regarded, becauſe when it is, the work is very 
tedious, and indeed need not to be obſerved much, becaule the gr:atelt 
random of every piece is had by trial made with a proper ball and 
charge of powder, by which any other randont &c. is found; in this 
its plain this reſiſtance is in ſome meaſure conſidered, the theorems tor 
this purpoſe where the reſiſtance of the air is conſidered are as follow, 


Let t = tangent L of elevation, s its ſecant, m = height, e S the 
height fallen through to acquire the greateſt velocity in the medium. 
c = co- ſine of the elevation that gives the greateſt random, 2 = fine 
of any elevation to an amplitude a, and A S line of that elevation in 
vacuo ; then, if the reſiſtance of the medium be as the ſquare of the 
ball's velocity, we'll have (fig. 168). Vs 

"4 1 ED un At mn 2 mm + &c. 

85 306863 Jes? 
atm zꝛttmm, 16t* mm 
AS; 3es? + 3es? 


ABS 2 LG + &C, 
es; 3687 


2. a2 AB + &o. 


4.cc= e — 235m nearly. 
1920 - 512m 


a a a 4 
| Cem I92Cin ? 


+ &c. nearly, 


For the demonſtration of theſe, ſee art. 432 and 436. 


Note. When the reſiſtance is = o, then e is infinite, and then all 
the terms divided by e are = ©, then cheſe theorems hold in a nous 
reſiſting medium as before. 


But if the body be projected directly upwards with a given velocity 
g. then q being put = the uniform velocity acquired by falling from 
reſt in the fluid in the firſt ſecond of time it will be 6, „2 qe = the 
greateſt velocity acquired by falling in the fluid 7, m=e x 2,30253g 


times log. of = = — =, lee queſt, 233, and thoſe following &. 
Ee 


Fader 
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PROBLEM CCI. 


Being as a SUPPLEMENT to the foregoing problems, 
ſhewing the nature of fluxions, and fluents, ith /everal uſes 
ful articles in mechanics, thereon depending. 

402. Fluxion, according to Sir I. NE WT ox, is the ſame with ve - 
Jocity, is by all allowed to be but a ſimple idea. 

403. Whence, the fluxion of any quantity is but an idea of ſome. 
thing inconceivably ſmall, by whoſe contiaual motion the quantities or 
tluents are generated, | 

404. The very ſmall parts of the fluent which are generated in very 

ſmall parts of time, are called moments or increments, or if the flucnt 
decreaſes, the parts continually deſtroyed are called decrements. 


405. Moments being the effects of fluxions, fluxions are as moments 
generated in the ſame time, for the effects of like cauſes are propot- 
tional. 

406. The velocity, variation, or quickneſs of increaſe (or deereaſe) 
of any fluxion is called the ſecond fluxion, and the ſame thing of the 
ſecond fluxion, is called the third fuxion, &c, for as the parts of a 
fluent may be gergratcd, faller or ſlower, fo theſe parts will cauſe a 
variation in the fluxion &c. 

407. If z be a flowing or variable quantity its fluxion is written thus 


, the fluxion of that fluxion, or ſecond fluxion of 2 thus 2, the fluxion 


of that fluxion, or third fluxion of z thus 2, &c. but becauſe theſe 
oints above the letters are often wrong printed, I hall uſe different let- 
ters for fluxions. 

408. In the following articles, e, y cod R, are taken for the abſciſſa 
ordinate (or ſemi-ordinate) and curve reſpectively, and their reſpective 
fuxions are denoted by u, v, and 2, 

409. A conſtant quantity has neither increaſe nor decreaſe, and ſo 
can have no fluxion, ſo bu, is the fluxion of e b, as alſo of eb b +-- 
f, if b and f, be both conſtant, or ſtanding quantities, and on the con- 
trary, e b 1s the only fluent that will be found to u b, unleſs by the 
pature of the queſtion, as ſometimes it happens, there mult be ſome- 
thing put to this fluent, and then it is called the corre fluent, or fluent 
_ Corrected, _ 

410. Let A R (fig. 210) be a curve, draw F n parallel to, and very 
near EB; allo, draw C B parallel to QA, and Den, and tangent to 
the curve, in the point let e AE, = EB, R arch A B, then if 


* 
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the moment of y be rn = v, that of e will be Br EF au, and 
that of R = B = 2 that is v. u, and z (becauſe the moments are 
as the fluxions) are the fluxions of the ordinate, abſcilla and curve te- 
ſpeQively, þ 
471. ff by the patallel motion of y the area or ſpace E A B be des 
ferived, then uy, viz. the very ſmall reclangle FE Br, will be as the 
fuxion of the ſaid {pace, which if the equation of the curve be C e 
y, will be uc e* = uy, but (prob. 185) the area, viz. the fluent of 
| n e ＋ N 
this fluxion u y is 4 whence, the fluxion of any fluent c ef 
n+1 | 
is =12u cen = and on thecontrary, the fluent of the fluxion n cee 
u, is ca, that is, the Hluent of any expttſſion conſiſting of conſtant 
quantities, with only one variable quantity and its powers and fluxion; 
is found by the rule in prob. 185, and the reverſe of that rule will 
find the fiuxion of ſuch a fluent. He | 
412. From the laſt general ſtuxion may be h:d the fluxions of ſurds 
or of fractions, thus the fluxion of : 2ae—ece: is = n 
ay; 24& — £657 
for here n =, ſon — 1 =— 4, and the fluxion of a ae —ece B = 


| l WET © 


Saxer, we haven =—1, on- 1 — 2; therefore; 


— 


. f <6 & 
„ru, i=: 2aUu—2Cu : X£ X 2ac—ce| 5 
a 
e 


bs 1 * au * a } 
ane n Hug - lea uv = — , for the fluxion of —, &cz 
e c 8 


for any ſuch like. 
413. If the Huxion of e y, the product of two variable quantities be 

required, let each be added to its moment, and then multiplied to- 

gether i. e.: e Cu: XIV: Sey Ter Tuy u, Wherein 


uv, being very {mall in reſpect of the other terms may be rejected. 


and then it will be e y + e v + yu, from which taking e y the of 
product there leaves ev + y u, for the moment ot ey, which is 4s the 
fluxion required, in like manner the fluxion of the product of R e y- 


three variable quantities will be found =Rev+Ruy + ze'y bc. 


for any other number of variable quantities. Hence, if e RS y. 
_ ve'll have z eu for the fluxion of e e, alſo 3 e e u for the fluxipn of 


e e e, and in general nen u for the fluxion of en the ſame as in drt, 


411, _ if RS ẽ + 8 we In by what goes before, have zz v. by 


——_——_% l 


— — —— 
ew dll — ̃ — —ů—— •— 


* 
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28 U ave 


— — — 
— 


2, again if R =» orR=acy”", thenz= 1 I 


— 


— eu 0 
— if RV: aa -e e: then 2 = . ＋ n 
| — eu. 
=+# :2ac - ee: then z = N , &c. &c. 


"M:2ac—ec: | 
414. In exponential expreſſions, or thoſe whoſe indexes are rariable, 
as y put R = hyperbolic log. of y, then y© becomes e R, whoſe 


fluxion is =e 2 TuR =—+ u R, becaulc (art. 416) 2 =— 


415. By theſe articles any expreſſion may be put into fluxions, and 
tho” the reverle methods give the fluent, yet if the fluxion is altered 
as it often happens, it mult have a different fluent, which when all 
other methods fail may be had by inſinite ſeries, as directed in prob, 
185, therefore to find the fluent of any fluxion, try to find ſuch an ex- 
preſlion, as being put into fluxions may be exactly = the fluxion given, 
which if it be, you have hit oa the fluent required, otherwile you mult 
uſe infinite ſeries. 


res It is proved in the conſtruction of., being put into a 

| 1e 
ſeries &c. gives the hyperbolic log. of 1 Te, whence , is the 

1e 
fuxion pf the hyperbolic Þog of 1 +e, but is = fluxion of 
* 9 

1e, : Ie: i. e. the fluxion of any expreſſion, divided by that 
expreſũon is the hyperbolic log. of that expreflion, whence the fluent 
of ſuch a fluxion will be the hyperbolic log. of the ſaid expreſſion, 


* — * — 
ur Hi FIG = _ Z = 
— * 1 — . = = \ — n 
i = — * FR: = 
— ba 4 "* — - — ma * 2 
L . — S (lf 0 
TT oi. —— N 8 
— ag = - —_ = 
Wu * 3 — þ = \ = 


— —— 
_ : V 
— — — 


thus the fluent of — is the hy perbolic log. of e, or = 2,3058 tabular 


| hog. E, alſo the fluent of a = 7 2 2 is e S 2,3058 a X log. 
+ . ; again, the fluent Arie Fcei is 2, 3058 a x log. 
3 r hoes fluent of — — 2,3058 log. e 


*: te Dan” 


. 4 ee e 44 aa, Kr for any ſock like, 
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417. Sometimes one fluent may be found by another fluent given, 


called the compariſon of fluents. Thus, given A = Huent of s = 2 


N e e u 
. ith „ here 
aa Tee: x aa +EE: 
— — then from a notion of fluxions it appears that 
x/ : aaec þ cecez poſer | 
the laſt expreſſion wants a a eu in the numerator to make it a com- 


8 Leeeu ; ; nab 
ple te fluxion, viz. = . Whoſe fluent will be 1 ,/2*c*+0f 


x: 44e Gab © 6x6: 
=Tey/:aa+e e: from wflich take the fluent of 


to find B= fluent of 4 


eu 


my 


z 
xaaey _ 


:a ©*þbe?s 
the part added, which fluent as that of ——<Z— = —_ 

| vV: act pt; y/:aabee: 
is given A, will be $aa A, whence fe Viaa þee:t—jaaA 


8 
Viaa— ec: 


=B, the flueat ſought ; again, given A= fluent of to 


to find B = fluent of . Here as before, the fluxion of l 
+&:a42 —EC:; [ 
| 1 

3 18 . „ aue ee en 
ziale Deinen endenden f | 
therefore, from TA e Vraa— ee: take FA a the fluent of | 
—ia2cu __—$aau TEE. 1 
e Rey „and there leaves 1 V: aa- ee: 

+7 Aa a =B, the fluent ſought. Ne 
Note. A = 2,3058 log. e + 4: a* +e?, in the firſt of theſe ex- 


amples, viz. = fluent of . by the laſt art. and A r arch 


Naa + £2; 
of a circle, radius unity and fine <—- = fluent of f 
radius unity a — = fluent o Ts Ip er 


ſimilar As (hg. 210) as EB (Y: aa - ee:) : Q (i) :: 7B (u):nB 
2, there are other methods more general, for the conpariton of fluentg 
but they are very prolix, and ſo are here neglected. 

418. Ia fluxional equations, where only one of the two variable 
quantities (e and y) enters, you may ſubſtitute for the ratio of the two 
fluxions (u and v) and fo find the required quantity; thus, ifauyyY 


* 


=) X du T vel, let u n v and then an v =yX au vv Erol? | 
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. 72 an nn 7 i „which in fluxions (taking m = garion 


5 
of n) is v=: a m 3annm : W whence d =nv=: amn 


'—3annnm: e now let Bg fluxion of w. a and put w w— 
nn+1, then ww — 1 = nn; in fluxions ws n m, which ſuitituted 


in the value of u, gives u = "== ave 7 2 — 1: — c9B 
— 3 
38 . and therefore e {a fluent of u) = . ]. aw 
keg —2 


= 38 — 3ann+2 , avrequired. Again, if a y ur vy 
2 6 w 2X nnr 


2 


1 Neo * 
= uur, put ny = u, thenayny*=nnvyvy, fo y — 


me” | 
un + 1| , which in fluxions is v gun ZL: x =, conſe- 
— nn a b 


quentlyny urg: A K E, therefore e . x 5 

| 8 
In nnn un - 2,3025 log. n, as required. ti 

419. Fluxional equations, may allo be ſolved by an aſſumed ſeries, be 
as directed at the latter end of algebra, only here yeu muſt have e- 2 


quations for both the required quantity and its fluxion or fluxions, 


thus in v, or u -- evg, to ind e in the terms of y, 


ee | 
aſſume e ANT BVT Cy þ+Dy* +Ey* +&. and then the 
fluxion of e, viz.u=Av+2Byv+3Cy* v+gDy*v+;Eytrv 
+ &c. which values of e and u, ſubſtituted in u © v —e v =o, gives 

Ay +2Byr+3Cyyv+ 1 20 

- Ay Y- B/ Y- CY &c. a 


Whence A—1=0, or A=1, 2B—A=0, or = 4, 30 
a. "Y or C = 138g 4D — C=0o, orD=3C= — 
2, 3»4 


eee N 3 + 


III + eee 
2, 3» 4 253,475 
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Again, to find y in terms of e, in ce eu + yu av, or av - yu 
yu ce eu go. Here aſſuming y= Ae Bee + Ceee 
De“ + &c. as before we'll get do: 
au 2aBeu + 3aCeeu + gaDeeeu + 5aEetu + &c. for ot 
0—Acu—Beeu—Ceegu—Detu—toryu-=o. 

0 o — ceeu 


Whence A =0, 2a B S AS, 3a CS BAT, or C= 37 4 


DS C= , or D= . 5 EAD „ 


34 3»4 43 3,442 3-4, $aan 


and conſequently y = A e +Bee +C eeg +&c. = — e 
3 35442 


ces ce*® 

a — ＋&c. 

34,543 9 3» 4» J b F 

Again, to find e in terms of 2 in aun +eevy —aavy go, (v 
being put for the fluxion of z), firſt, for the indexes of the aſſumed 
ſeries, work as directed, at the latter end of algebra. Thus, write 
20 fore, and nz*—* y for u, and then the indexes of 2 in the equa- 
tion, will be 2n — 2, 2n, and o, the two leaſt of which (2n—2ando) 
being put equal each other, we get n= x, whence the mdexes (2n — 
2, 20 and o) are o, 2, o, and the differences ©, 2, to which by con- 
tinually adding 2, theſe turn out o, 2, 4, 6, 8 &c. each of which 
added to 1 the value of n, gives 1, 3, 5, 7, 9, &c. for the indices of 
the aſſumed ſeries, therefore, put e = Az TBZ +Czi + D2z? 
+ &c. and to facilitate the operation, let v, then ug A + 3Bz* 
T5 CY +7 D2z* + &c. which two values of e and u, ſquared and 
ſubſtituted in the given equation for e e and uu, it becomes 


aAAbbaaABZzz+louzACgt+ 142240274. 2 
= 0. 


+ 9 as BBz* + 0 aaBC z ＋ &c. 
A AZ zT 2AB Z ＋ 2 AC Z + &c. 
a2 > + BBz* +&c. 


Whence AA aa = aa, ſo A =1, -A, foB=—5= 
. I 85 
= == „10 aa AC +ygaaBB+2AB=0,lC= 

2,3 a a | 
I 
2,3, 4,5 7 14aa AP 30a BC TAC TBB o, ſoD 
; 2 2 2 28 | 
17767772 conſe [I « JO 7 
14.30 ag” quently MEI 23 * > 35 4 TL 5 
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of —required y, in a ac z — aan + acuuterey 
2: 3, 4. 33 6, 72 0 
=0 l heing the ſecond flu xiomof y, and u and v, the fluxions of e 


and y as before) then putting e ® for y, the indexes will i; 
n 1, fand en +1, where making n - 1 1, we get n= 2, 
whenes, the differences being o, 2, we muſt put y Ae + Be? 
Ce De Kc. from which making u == 1, we get 
y=2Ae + gBe3 + 6Ce*5 + 8De? + &c. 
z= 2A + 12Be* + zo Ce r 56De*®+ &c, 
* Theſe values of y and 2 ſubſtituted in the w_ equation, &c. as 


22 ef es 
before, we'll find y = GEDA — 2 this ſeries, is 
= 2.3058 4 a „ log. — y, alſo 
aa 5 ce aa 

Required y and e, from the two equations yz=r u, and r vr: 
— ez. 
Let e AR + BR* +CR3 + DR* + ERF + &c. (R = fluent ofz) 
and y=a R > bR* TRI +dR#+eR? + &c. then by ſubſtitution 
and tranſpoſit ion, our two equations will become. 


a RZ ＋ bRRZzZ TL cRIz+ dR“ZzA＋ fR7 2 . =o 
Az ar BRz — 3 CR ADR 2 — gr EN, 5 
Foe F rar An ies l + ef 
—z+ ARz +-BR*z+ Oe Epi, dos a. 


Whence, A = o, a=2rB, b ar C, c 4rD, das 57k 
A 8 


the fluent of :* 


by firſt equation d n 1; ban c. dL bs 
2 T 3 7 47 

by ſecond equates, thereſore, 2rB=1, 3rC= ED ,4rD= 4 
* 51 E 8 &c. conſ tl C==0,D= k 
FFF N = e 1 
* eee 1 „Egge, F D = — 

354 r 2, 3,47 * 9 5,677 

* f ; 
* c. Alſo bear C e er 7771 

R 


&c. &c. Whence y = aR + b R*+ &c, == Gr 
| 2, 3 rr 


5 7 
02... wo &. and e AR BR* &. 5 


77% 2:3,415-0, 776 


3\ 


9 


— 
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Note. Here y = fine, and e = verſed fine of any circular arch R 
(fig. 210) = A B, radius QB =QA = r, for per ſimilar As avir 
: (BE) y:: (Bn) 2: (Br)u, ſo y 2 ru, alſo, as r: (QE)r—6 
:: (Bn) z: (ar) v, whence ry =rz ze, the ſecond given equa- 
tion, | | an. hd 

420. To ſolve problems or queſtions in fluxions, you muſt always 
by the nature of the problem get the moment of the thing wanted, 
whole fluent is the anſwer required, theſe moments are ſo ſmall, as in 
all caſes, to be looked upon as generated uniformly, or made up of 
ſtreight lines; moments increaſing or increments are poſitive, but if 
decreafing, called decrements, are noted with the fign —, whats ſaid 
about moments holds in fluxions art. | 


421, When any quantity or expreſſion, is required to be the great- 
elt, or the leaſt poſſible, its evident at that time its variable parts can 
neither increaſe, nor decreaſe, whence any expreſhon is a maximum, 
or a minimum, when its fluxion is made — o, in ſuch caſes where 
there is but one variable quantity, the fluxion of that quantity being 
in every term, divides off, ſo in ſuch queſtions I leave it out, whereb 
it ſuits either this article, or the prob. for that purpoſe, in theſe artic- 
les (ſee art. 410) I take y, e, and R, for variable quantities, and v, u, 
and z, for their fluxions, when any thing elſe happens, it is mentioned. 
Theſe few foregoing articles, if well conſidered, will teach the prin- 
ciples of fluxions ; what follow, are ſome very eurious articles by way 
of illuſtration. | | 


422. It has been proved that the reſiſtance of a body moving in a 
perfect fluid is as the ſquare of the ſine of the incident angle, it there- 
fore A RB (fig. 210) be ſuppoſed to move in ſuch a fluid in direction 
CB parallel to its axis Q A, then the curve in the point B, (viz. the 
line n BD, being a tangent to the curve in that point) makes with the 
laid direction CB, the incident angle r Bn (aft. 410) therefore, the 
lines of the Ls being as their oppoſite ſides, it will be as z z : v v (viz, 
OBan:(Jro) : : force of a particle of the fluid againſt the bale B Q 


: force of a particle againſt the ſide at B, i. e. as 1: — now the quan- 


tity of the fluid which ſtrikes againſt the curve in B to reſiſt its motion, | 
i. e. the reſiſtance of Bn, is r nv) becauſe its motion is I nF, 


9 : V 
whence, the laſt ratio 1 to 27 becomes v to — or becauſe 2 2 = 


Ff 
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"OR y to — , the moment of reſiſtance of a plane, out of 
uu 

which by the equation of the curve exterminate u u, and the fluent of 

what leaves, is the anſwer, thus if the figure be a circle, radius I 


=QR=r, then per ſimilar As QB E andern B, as QE: EB: 


rn: rB, whence uu 2 „ſo v to — 29 „becomes v to 
rr y uu vv 


rr. . that is, . whoſe fluent is y 
rr 


yy vv + xv x: rr —yy: 


r or 3 rr to grr—yy, and when yer it is 3 to 2, ſo 


3 againſt baſe, to reſiſtance againſt circle or cylinderic ſur- 


— 
Again, If 6 =cy, then (att. 410) u ny e, ſo vv 


ccnn y u, which — in v to for uu, it be- 
A uu + vv 
comes v to be if the figure be a plane triangle moving 


CCcnn y * CEP 
in direction of e its perpendicular, baſe y, then cc = = 74nd n=1, 


then the laſt general ratio is v to 8 or (art. 410) y to e e 


ec ＋ 1 Ce ＋ 1 
that is, ee yy to 75. ſo is reſiſtance of the baſe to reſiſtance of the 
fide, if the triangle move in direction parallel to y its baſe, then c c = 


| b inſtead of ee + yy to yy, we'll have yy Tee to ce: : re: 
ſiſtance baſe : reſiſtance ſide. 


Note. What is here meant by a plane figure, is a priſmatic ſolid of 
any given depth, whoſe þaſe is that (plane figure) floating on and paral- 
lel to the ſurface of the fluid, and its depth, or thickneſs perpendicular 
to the ſaid ſurface, 

423. The quantity of theflaid ſtriking againſt z (B n) the ſurface of 
the ſmall ſolid, 9 by AD B, turning about AQ , will be as y u, 


ib 435 eee 


ZZ uu + vv 

the laſt article with the nature of the generating curve, expunge u u- 
the fluent of what leaves will be the reſiſtance. Thus, if the quadrant 
A BR, be turned about AQ it will forma hemi-ſphere, and as before 


fo our ratio 1 to L, „ becomes yv to 
22 


AND MEHECHANIG * 


au = LVL, fo the laſt ratio becomes 5 4 to LU des- 
er—yy rr 
fore (art. 410) 2 SALES & fn PROD „and when r y. it will bs 


+ 


2 to l, : reſiſtance baſe to refiſtante ſolid, . Again, if (as before) 


ey" 6. our general ratio, will become y v to - 


and if the ſolid be a cone, formed as before R B A; being ſuppoſed a 
ſtreight line, AE=e, radius E B of the baſe tr, thenn=1, 


te, when the cone moves in direction E A of its axis, fo the laſt 
rr | 


s „ Whence (att. 410) 2 y y to Le 
CCI - 2CC42 © 

1 to, or ee rr torr, orsstorr (s being = ſide of the 
CC +4 | 
cone): ane baſe to reſiſtance lide, or convex ſurface of the 
cone, &c for any ſolid. | 
424. Let (fig. 211) AE Ze E Bg, AQ gc, Bn= Z Tn, 
EF Su. arch CBS R, and fappoſe A Q, and CQ || horizon, 
and that a heavy body i is falling freely in the curve RB A, from R, 
at relt ; it has been proved that the velocities of falling bodies (in 
racuo) are as the ſquare roots of the heights fallen thro”, ſo the velo- 
city at any point Bis as CB =4/ QE ==: C—e :, and the 
heights fallen thro” are as the times and velocities conjointly, whence 
Z 


Vie ge: 
in any curve, by whoſe e you may exterminate 2, the fluent 
of what leaves will be = T, the time of deſcent, thus if a e = RR (a 


tatio becomes y v to 


2 t Vie = e: ſo t = moment of the time of falling 


* conſtant quantity) then (art. 410) Hae R, ſo 2 = 2, 
2 Le 


blende t 2 — the ay (art. 219) of a cifcular 
14 :CC —eet 


arch, verſed fine = e and radius = 4 c, and therefore theſe two mo- 
ments or fluxions t and z, are always as / a to e, whence T muſt be 
always to that arch as Va to c, but when e =c the * arch becomes 
a ſemicircle whoſe diameter is p c, and then as c : 4/a:pd 
= T, which being no ways affected with c, will Ktan % <7 fame, let 
the diſtance deſcended be what it will, that is all bodies deſcending, or 
all bobs of pendulums vibrating from any different points R, B, in fuck . 


” * 
1 
* 
| 
|| 
4 
: 


| 


| 


A 
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a curve (called a cycloid) are performed in the ſame time. Again, if 
RBA (fig. 211) be a circular arch, Fa =r = O A its radius, then 
3 


per ſimilar As, or the property of the circle, z = oo ney og 


whence t = — . —, which by an infinite ſeries 
Vie -e: xNVide - ee: 


(prob. 185) will give the value of T, or by the compariſon of fluents 
(art. 417) when c=e, T = 3,1416 x. 1 


2,2 a 
WED Et [3+ 3s $u$ CC + &c. = time of deſcribing 
2, 2, 4, 444 2, 2, 4, 4» 6, G, aaa 
the ach RA. 


425. If PAR (fig. 211) be a veſſel filled with water, ſtanding upon 
A, its vertex, axis A Q. borizon, a hole at A to let the water run 
out, its plain the ſurface of the deſcending water deſcribes the ſolidity 


of the veſſel's cavity, therefore, let c= A Q, eg any height AE, 


y = BD, &c. as before, then if pe“ = yy, upe® =uyyy, is mo- 
ment of ſolidity viz. as the fluxion of it, and becauſe the velocity of 


water, or any other heavy body is (Ve) the ſquare root of the height 


fallen thro', there? ©" — pes Fug t (ſee the laſt art.) = mo- 
Ve 
= = . 
ment of time of evacuation, whoſe fluent (art. 410) is =T, 
| n+xz | 


ſo in a cylinder, orpriſm ſtanding upright, ng o, p=1, whence 24/c 


'=T, a cone ſtanding upon its vertex, n= 2, lo0+4/ ccecece=T,a 


common parabolic conoid, ſtanding on its vertex, n=1, ſo4yeec 


T, if RAP be the ſegment of a ſphere ſtarding upon A its vertex, 


then ...t in fluent, T=p x: 2008 20% : 
. 4 £ =” 3 
= (wn 6=e) px: i the ſegment ſtand os is ble 


R P, then e muſt be = Q_E, put r radius of the ſphere, thenp u x 
1 = pu: rre 5 ſo in fluents px : 21 1e 


6 
5 
cana/c—ac?, 


1-0 
Let Q = time in which this veſſel would be emptied with the firſt 


—pe*:i=T=(ifc=eanda=ar)px: — — 


or greateſt velocity, for inſtance, ſuppoſe it to hold 69 gallons, and to 


run out 1 gallon in the firſt ſecond of time, then at that rate it would 
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be emptied in 69 ſeconds Q), then its ſolidity be =pc x :$aa 
—$ec : it vil be as — X : aa - Ace: ib to Q. ſo is p * 


' Fon tn +©_ to T, the true time of emptying in ſeconds, and 


ſo on for any veſſel. 


426. If RBDP (fig. 211) be the fruſtum of a cone ſtanding on the 
lefſer baſe B D, let e EQ, its height, c= AF, the height of the 


4 
remaining part of the cone, then px: e =P X:cc+ 2c 
+See:=yy (OQP) ſo per laſt art. — X:cc + ace + ec: 

e 


Et, ſo (art. 410) p: Ve N :2cc+2ce + 2ee:=T, if the 
fruſtum fland on the greater baſe RP, put e QE its height, c = 


QA the height of the whole cone, then p x c—e| =pX:ccm 
2ce+ee:=yy (QED) o Hex: ee ae +06: =, inen 


py/ex:2cc—+ce+2ee=T, if theſe two times are equal, the 
quantity run out in the firſt caſe, will b&to the quantity run out in 
the ſecond caſe, as 200 + $ce+ fgeetozce-gce + fee, 
where, if c = ©, in the firſt, and c e, inthe ſecond, then e g AQ, 
or the fruſtum becomes a cone, and then the laſt ratio, will become, 
as 7: FF, Oras 3:8 : : quantity run out when the cone ſtands upon 
its vertex, to that when it ſtands upon its baſe, at an equal oriſice, 
and in the ſame time, &c. for a fruſtum of any other ſolid. 


427. Suppoſe the curve RAP (fig 211) to be a heavy flexible line 
hung over two pins R, P, parallel to the horizon, draw Cr and QA, 
each L RP, allo BD andrF each || RP, and Bn a tangent to the 
curve in B, the part B A is ſuſtained by 3 forces, firlt its gravity in 
direction B r, which is as the weight (ſuppoſe n) below the point B of 
ſuſpenſion. Secondly, it is drawa at A, in direction || RP, or B D for 
if the curre were cut aſunder at A, it would hang as two Ls, on the 
two pins, Let a = this force, which having nothing to do with the 
chains weight, is conſtant, or ſtill the ſame, Thirdly, the force in di- 
rection Bn, by which it is ſuſtained ; let AE ge, EB=y, Bn=2z, 


ru v, Br au, then as v: a (force at a || BD): : u: _ = (force 


at B QA) n, by which the ratio of weights hung to a flexible line, 
lo as to make it form any propoſed curve may be found, as follows, 
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428. If it muſt be a ſemicircle, radius AQ=QR=@QP=a, 
> y, then yy = aa— ee, in Huxions JV eu, 


whence n= . becomes n = , which in fluxions (parting m 


= fluxion of n, and a as before conſtant) is m = LS 


w =the force preſſing the carve in the point B upon the ſmall ſpace 2, 
thenm =wz= N be but ſunilar As (fig, 210) as EB: 


Garz: n B, whence, == > 2, fo EE ©] Tm ace 


y ce 


eee of v = — —7 ra - (becauſe 


you 


„* - ee=a a) — _ whence w = =. Again, if a&” =), be the 


equation of the curve required, then in fluxions raer —*u=y, and 
VV 


n e FT ET: which put in : au vv. 


V 


=2 inflead of wv we getz 2 —— — 7 


TITaa e 


r 2 in which 


putting y y for its equal a ae **, we get Z= ny :ee +rryy: 


or ar aa e - ung — WL for vy we get 2 = — 


cc 


* af: ee-rryythen from rac? © uv, and = a> we get oa 


=, in fluxions m =< 


7 


wy . 4 TR re—e | 
R vice tiny fo rr &c. for any 


err -r: xe 1 un rru—ru 


„e 
fre? 1 —? rer 


curve. 
429. If the ratio of the weights be given, and the nature of the curve 
required. Let p = fluxion of n and q = that of v, alſo m = fluxion 


of u as before, then n being = — its luxion m = 4 «ap and 
| VV 


nuu+yy—zz=0 taking Z conltant, we'll have (art. 410) ur 


, nowif 
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yp=0, or = W=q, which two equations cleared of q, we get m 


—Aayvp _ aup __ apX: uur __ ap22z H e if the 
" -uvy vv 1 u vr 


curve RAP (fig. 211) be preſſed in each point by a force which i 
as any power r, of its diſtance from RP, we ſhall have m=ze*" = 


2Þ=, whoſe fluent (2 being as before, - conſtant, and writing 


u vv 
FI 99 e 
a for a, to many the equation of like terms) is DR B 
| 1 
rFI 


22, the fluent of which will be the equation of the curve re- 
* 


quired, and may be found when r is known. Thus, 


430. If the equation of the curve forming the ſtronge t arch poſſible 
be ſought, here it is plain all the particles of the arch muſt be of the 
ſame weight, each weight tending towards the horizon perpendicularly 
whence in this caſe r g o, ſo our equation becomes ev = a2, which 
ſquared is eevy aa =aauu + aavy, ſovvxX:ee —as 
aa uu, andy 4/:ce —aa: Sau, but in this caſe, (art. 428) 


Re, lo: ee - aa: R, for the length of any arch 


AB (fig. 211), and when AB=R =o, theny/:ce - aa: o, 
or AS e, therefore, if the abſciſſa e, begin at the vertex A, we muſt 
take a + e inſtead of e, and then RS ee =- aa : will become R 
=+y/:2ac—+eec: the equation of the catenary (AE g e, EB=y, 
AB=R (fig 214) a = any conſtant quantity,) this equation in flux- 


2 au Leu 1244 e Tee: 
108 18s —— —= 2 ſquared is SY * 
y : 2ac tree; 2ac+ee 


a à u u 


S Zzgzuu rv, take uu from each ſide then vv, io 


aue +ee 
a u 
2 — 2 - , s- a SE Þ 
ER ww then (att. 416) 2,3025 ax log. a * e 
:24C — ee: but when e = ©, y = 2,3025 a log. a, therefore, the 
livent corrected (art. MR Ml ag a+ e+4/:24cce: 
Le — — Tee: 2 7 


725303 a log. a = 2,3025 4 x log. = 


, 

oy * 

a * 
— 
ad at 4 * 
PR 
— — — 

* 

= 2 _ - —_ — 


o 
4 > x * 
, 
” : 5 
y ' 
— * * 
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in the ſame manner, you'll find y 2, 3025 a x log. Bty: — ; 


by any of which g equation the catenary may be conſtructed. Laſtly, 
Ihe point B be ſo taken as LnBE = LnBr=g5?, then ro=rB, 


7 


bi) and then R — _ =& 


Note. its plain that any flexible line (of little, or no weight) being 
" prefied by the wind or any other fluid uniformly in direction perpen- 
dicular to R P, will put itſelf into this curve. 

431. If the preſſure be perpendicular to the curve, then draw OB 
perpendicular to Bn, viz. to the curve in any point B, now if O B be 
the force in direction OB, O E, will be the power of that force in 
EireQtion Q A, or CB, but by the ſimilar As rn Band EO B, as OB 


rn: : m: — = Power in direction B C and (art, 427) as z 2 v:: 


2. = (becauſe as before m = D , the fluxion 


— — — 
2 2 


| uv v 

the preſſure againſt the curve perpendicularly, in any point B, now the 
quantity of the curve preſſed being = 2, if as before this preſſing force 
be as any power r, of the diſtance from RP, we'll have ze "= 


a bar g r r+1 
* r =, ſo z ue Spa „where z as before being con- f 
; v: on 
F | 1471 | | | t 
ſtant, we'll have the fluent —— —='2 r * where the index t b 
9 2 


being known, the fluent, or required equation of the curve vill be 

found, thus, if it be required to bad the nature of a curve that a flexi- 

ble line will form when filled with a fluid of any kind. Here by the 

nature of fluids, the preſſure of any point B, is as the height CB, 
. Whence r = 1, ſo our laſt equation becomes z ee va a, which ſquared 

wvvat—zzeci=ctxX:uumvv:, whenceecu=mvy: at —et: di 

whoſe fluent is the equation required, but if the fluid be air, the al- 

titudes C B, Q A, &c. may be taken as equal ( becauſe in ſuch ſmall tin 

heights: of the atmoſphere the preſſure differs but little) and then r 

and ſo e 2 = av, the equation of the circle (art. 421). | 


432. To find the velocity of a body deſcending, or afcending in 2 
right line RC Q, (fig. 210) in a perfect fluid, where the reſiſtance 5 wh 
as the ſquare of the velocity. Let c = velocity (uniformly generated 
in the time r) with which the body begin its motion at R or Q Y 
that in the point C, T S time of deſcribing RC or QC, ez RG, or 


11 a 0 _Þ— 


* a ** | _ | 
5 . 9 
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QC, put u, v. t, for the moments of e, y. T, and ſuppoſe the firſt ve⸗ 

Jocity c would be deſtroyed in the time n, by moving uniformly over a 
diſtance d, then as n: d:: r: c (for the ſpaces c, d, deſcnbed with 


the ſame velocity, are as the times r, n, of deſcription), whence, I = 


3 0 — — ©) that part oł 
ain, ef: e or — (becauſe TT p 


motion which would be uniformly deſtroyed in the time r; now the 
reſiltance at R, being to that at Cas cc to y y, its plain the velocity 


deſtroyed in the time r, by a force = reſiſtance at C, will be Js X 
— = = = meaſure of teſiſtance. Let b = velocity, generated in the 
medium, or fluid, by the force of gravity in the time r, then b added 
to, or taken from LL, according as the body aſcends, or delcends, 
gives Tb =f, the whole force affecting the motion at C, but by 
the laws of motion, TE. andfr= + y, ſof=+= = (in this 


eaſe, becauſe y decreaſes while e increaſes) — Gr and therefore 7 


ru —rdv 


r 2 == 
Tb f whence u = „and t = nn 


| 2 
the fluent of the firſt is (art. 416) e = — 2, 3025 x d log. yy + 
bd: but when e , then c y, and ſo the corre fluent is e = —* 
2,3025 x4dxlog. yy = bd: 2, 3025 Kd xlog.:cc + bd: 


| =— 2,3025 x4d x log.: VENT, = 2,3025 Lxclog.: © 
cc Abd 2 yy bd 
if bd = aa, then the fluent of t = , is x D, where Da 


| > ome 
difference of the two circular arches, — and 2 (radius = 1) ſo tha 


ume of the whole aſcent is T==—=x — 
Note, — and are the tangents of the arches to be uſed, bug 


wheat = =, or the body deſcends, then T. the time dd 
% * 
Gg 


> E 
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= [ .. b gb X difference of the byperbolic log. of — ad 
418 . Ty ae 


ſo, if c o, S T2 V 


* * 2,3025 6 
25 
4 


hg Note. b = 321 5 22 5 M where B to M, is as the ſpeciſic gravity 
B 


of i the body to that of the fluid, and 323 being the velocity acquired 
by gravity in the firſt ſecond of time in vacuo. 
433. If the body move direciy forward, then bo, whence u = 


Aenne 


— d | loegr 23025 X © X log. * which 9 Oo 
+" re? Bad 1 3 


Ang © So and AA” gives e = 2,3025 d * 5 alſo + t 3 


ee eee „ 


Y 

{yecauſe. nt d) | 

434. Since any expreſſion is got a maximum, or a par cf wind 
ifs moment is made = o, it therefore, the fluxion of any moment be 
made.= o, ſuch a moment (allowing the expreflion) will be had a 
maximum or a minimum, if therefore, things be as in art. 410, _ 
423, 424, then u, uy, Uyy, y4/ tun VV, Vi uu vy: 
54 . 25 are as che moments of the abſciſa, arga, ſolid: ity, fv. 
un vv Ve | 
face, length of the cugre, reſiſtance, deſcent, reſpedively, ſo 1 n+ 


4 en ry: +6a3 +dugy+f5 wary; 4 
: BU + vy. 


„ uu «ob | 
m, a maximum, or a minimum, (u alone vari- 


IP TIE 
, ub, £ | ſyu | 
able) vell hae 42 +cy+dyy e 


21 


e 


WE uu ro vv: 
— v v 3 ' 
3638 8 o=, wherein the co-efficients a, 
uu v V: uue + y ve: 


b, c, d, &c. may be any conſtant quantities, poſitive or negative, as the 
nature of the queſt, requires, any two or more of theſe terms made = o, 
4 the equation of the curve &c. may be found, when the terms ſo taken 
= area maximum, or minimum, thus, if the length of the curve be 2 
| een or the area a maximum, then c y + 8 o, la, 


"WP | 13 iuu v: 
TT.. 2c ſquating each 


ol 
tide, yyX: uu vv: rruu, ſo; rr y: X uu = , 
we equation of the circle, (art. 422) 


43 6. if the equation of the generating curve be 1 when ay” 


avatar is a minimum or the ſolidity a maximum then d yy i Be 2 | 
Viuu ev: 
= o, r dy 1 25 or y uu vv 


- n = (putting 12 — 5 ru, and ne each ſide, yy X: gu * 


vv: S rruu, the . as before, viz. the ſolid is a globe, if Fan, 
length and gre: atelt diameter of a ſolid be given, to find the equation , 
of the generating curve, when the convex ſurface is a minimum, or the 
ſolidity a maximum. 

Note. The ordicate is always ſuppoſed” given, becauſe when the 
equation of the curve is determined, „the abicifla may be found to it, 


fyu 


— 


ſo here we have 14 
TER” | rener 
each ſide &c. we get uu xö : Y) - aa: aa, 3 u = 


So, or putting a= _ ſquaring | 


— 5, whoſe fluent, (an. 415) is e _ 2,3025 a x log. 
VT: . 8 
1+ vV e L (der correfiion) the equation of the catenary (art. | y 


a | 
- 439) wherein y muſt 3 be greater than a, otherwiſe it will not 
hold. If the curve of ſwitteſtdeſcent be required, the abſciſſa is given, 


; gu 
we'll have 1+ £24 =0, or gu- Z Me, ſo gguu ze, ors 


1 _ 1 
3 vun ua 9 
(taking Z a = gg) — e, whence 2 ., the ſame as in 
4 2“Le * 


art. 424, the equation of the cycloid (e = Q E, bg. 211) if the points 
R, A (fig. 211) or the abſciſſa A Q ordinate RQ and length R B A, 
gu e 


N duc + Vve: /iuu+vyv: 
= o, or {becauſe 2z=u ti + v) we'll have Zy/e Tau by/e=0, 
DSI dS (gp =o: gon eb uu, 


Je 


whoſe fluent ſhews in this caſe, the nature of the curve of ſwifteſt de- 
ſtent, Furthet if the velocity at any point B, be as Fo power n 3 | 


the diſtance C B (e), the laſt equation will be 2 = = 2 4ub=ac® 


of the curve be given, then 1 + - 


———_— 0 n P 
— . 7 


v ub, which in fluents is R = . = (b ll 0 | 

1— 

2a Me, or He a, the equation of the cycloid as before. 1 

It the length and greateſt diameter of a folio be given, required the 3&8 

equation of the generating curve, when the fulid is that of leaſt teſiſ- 
—2hyuvry 


tance, here 14 — 2, whence, (putting a = ab) 
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. again, if inſtead of the greateſt diameter, or length, 
Ae de given, then dyy + — * 


2 2 2 z 
Sauvs. Alſo, if the length, greateſt diameter, and ſolidity be given, 


then 1+dyy + <= ae. if the length and ſurface be 


So, Whence y z4 


"WE 
given, then 2 ＋ 22 — "7 =o, whence fz 3 = TY. and 


petting # = 2”, it will beavvy =z 22, which being no way affected 


with any of the variable quantities (e, y, R) will ſtill be the ſame, and 
ſo the figure will be a conoid or the fruſtum of one, and it will be the 
fame when the length, or ordinate and area of the generating * is 


— 2 h ur vv 
giyen for then c — 
- e Rage 32292 = 


436. If a body, inſtead of aſcending directly upwards (art. 4320 &e, 
be projected obliquely, it will deſcribe a curve as ABC ( bg. 209) 
whoſe equation may be thus found, draw B Q_, perpendicular to the 
horizon, vr parallel to A H the axis of the curve, and P BL AH, 
let AP e, PB g y, arch AB R, then their fluxions, BM = Nb 
= u, MN Bb v, BN Zz. Alſo, let r = ſecond fluxion of e, 
and s = third fluxion thereof, now if 2 velocity of the budy at B 
in direction P B, the decreaſe of velocity in the ſaid direction is cauſed 
by the refiltance alone (art. 395) and mult therefore be = — q, the 


fluxion of Q, and therefore, as v:z::—q: — _ = decreaſe of 


So, ſo auvvy=2ZzZ%z. 


motion in direction BN and as v: u:: — Bp = that in direc · 
tion BM, alſo ſo is Q to Ry = velocity in direftion B M, whoſe 


EST 25 0 te w the whole uicration of motion is that 
V 


direction, both gravity and reſiſtance conſidered, from which taking 
5 the part owing to the reſiſtance, there leaves — for the effect of 


n, whence as D — FEY 1 force of gravity: 


3 of reſiſtance, i in direction B N, but in falling bodies, the velocities 
are as the times, therefore the velocity generated by gravity in the time 


＋ ſpace + velocity) of deſcribing B b, with velocity Q, will be as 


a oDVYvcKJ Nc «Ks -.:- 
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* for anoth ſkon of the efſed of gravity, ſo = BL, *@. 
rl er expre of the e ol gravity T . or 


G but toclear this equation of Q_, let 2 C4 r #5 


the fluxion thereof be divided by QQ = ©, the fluent, and then my # 
— whence — A becomes , for the true force of reſiſtauce . 
2 r 2rr | 
the weight, of the body, or gravity = 1. 


437. If the reſiſtance be as the product of the ſquare of the velocity 
and (d) the denſity of the medium, then 2 being = abſolute velo- 


* 


- 


city at B, we'll have r xeſiſtance at that point, and therefore 
| | INS | 


QQ?? 4, g velocity deſtroyed thereby in the time Dy ofde- 
* y deitroy y T | 


— — — 


VIV 
ſeribing B N, which put = — _ the effect of the ſame reſiſtance. 
—1= .5.;;.by weidng 252, fk 

Z 2r 


Q 7 22 r 
its equal * whence, S 212 d, or ss =4rrzzdd=4dd x: ug" 


found before, and you'll have d = 


| P . 3 
Try: x rr, now (art. 419) we'll find e = — + 22 


L 4 +atdys ere » th 
6 60 120 


when the body is in the deſcending part of the curve, and if the Gon 
are made negative in every term, where the odd powers of dare found 
the ſeries will then be for the aſcending part of the curve, If there 


be no reſiſtance, or d go, then e Tay y. ſo y. the equation * 


of the common parabola, as in art, 359, perameter = =, but if it be 
WP: I :: thedenſity of the body: denſity of the medium, and if the | 
body be a globe, the diameter = D, then the above denſity d =" 
— (art. 327) and- P X = Sh, the perameter of the pera · 


2 P —1 
bola, that would be deſeribedin vacuo, by a body having the fame ve- 
locity at the vertex A, whence a = 22.2? = ＋. nearly, whence & - 
. £ IS 
x found, when y is any given ordinate, | a 


8 THE UNIVERSAL MEASURER | 


7 438. In the two laſt, as alſo in ſome foregoing articles (as is com- 


wo in the ſolution of fuch problems) I have made ſome one of the ſirſt 
Auctions, of fome one variable quantity (e, y. 2,) conſtant which both 
avoids trouble, and ſerves as a {tandard, Ut reſer che variable Buetions | 
of the other quantities too. 

439. Fluctions of all orders, are contemporaneous, or cad 
with their reſpective velocities in one and the ſame whnitcly imall part 


of time (art. 402) alſo (art. 309) any variable quantity can have but 


one fluxion, of the ſame order but any fluxion may have many fluerts 
out of which one mull be taken, that {its the conditions of the prob- 
lem. 


; | | 
440. Since, =i is to 1, as the reſiſtance is to the gravity (a {art 437) 


we may from the given equation of any curve, find the ratio 17 the 
reſiſtance to the gravity, hen ihe body deſcribes that curve; thus, if 
the curve be a common parabola, and a c y y, in fluxions a u = 2 y v, 

in ſecond fluxions a 1 2 vv, in third fluxions s a = o, whence 
_ S, and therefore to deſcribe ſuch a curve, the body muſt meet with 
10 teſiſtance, but move in vacuo. A gain, in'a cubic parabola, where 
ze=yyy, ve have aug 35 y, and ar G 1 allo, sa Ge, 


which ſubſtituted i in = for r and s, gives 35 forthe reſiſtance 


when the gravity is. Ti again if RB A (fig. 210 . a quadrant of a 


os you'll find — === (per circle) chat i is, as 3 CB 


2117 . 20 7 
6 2 QB: ;refiltance : gravity, ard v the velocity, will S every where 
as VBE. 
441. In an upright veſſel A B AB (6g. 163) kept conſtantly full of 
water &c. to find the quantity thereof diſcharged in any given time 
thro' an orifice at the bottom B. Let V = the deſcent of the water's 


bd 


ccuter of gravity, acquired by the fall of its farface frem A to B. e 


AB, which will alſo be as the deſcent of the faid ſurface A A at R, 

R equal the quantity of water in the veſſel, v, u and z, the reſpedtive 
fluxions of V, e and R. Alſo, put A = area of the water's ſurface, 
and a = azca of the orifice at B, then VR, will be e momentum of 
the water in AB AB, whoſe fluxion F = Y z+ Rv, ſuppoſe at the 


beginning of the evacuation the column of water A B A B, becomes 


gBmnBg. Now the time of running cut mult be inverſely as the 
orifice (for the greater the one, the leſs the other) and the deſcents 
of heavy bodies being as the ſquares of the times of deſcent, it will be 


* AA _ = the deſcent of the ſurface AA to q g, and 


o 


7 


9 1 "Ro 
—_— ES nner TT aries 
p "4 14 | 4+ : 
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” A ($: $553 * 1 : E410 n 
therefore, e — * the difference of theſe two doſcenis, whoſe 


99 * 3 IR £9 i 2 Set 
fuxich eg K · malkiplicd by. A; N N =D 3 = bar 
the fluxion of the momentum of the water in g B mn Bq which (it is 
plain) muſt be — z, and becauſę Ae = the water in ABAB, there» 
fore Ae = R, which values of z and R, ſubſtituted in F=Vz+Ry, 


ve get AVu+Aer LED — F, again, fince A e = water in 


> - eo” 


AB A B, its fluxion Au, multiplied by e, the deſcent of the ſurface 
A, A, gives Aue =F, the fluxion of the ſame momentum, and there- 


fore vu Ae 


= Aue or (putting u =1 — oy } 
31a: ai | . AA 
nAVu+ Aev=Acu, ornVu+ey =cu, multiply each fide by 
en, and then, n Ven u+ env = eu, whale fluent (art. 413) 
n+1 » 
ve foV= : „Ser-: 1 — = 
0.7 9 2-1 n+1 | AA 
(2— dr In 1 +n becauſe n =1 — ut DET 9 =_ 
e | AA 2AA —aa' 
442. If the water in the veſſel A R AB, deſcends without being ſup- 
plied; or its ſurface A, A, deſcends by its owa gravity, it is plain 
that the velocity acquired in the deſcent thro A q, is accelerated, 
Whil't that in the deicent thto' B m is for a {mall time uniform, and 
therefore defcribes a double ſpace (theo. 167) in the ſame time to what” 
it would deſcribe if accelerated, fo that in this caſe, to find the differ- 
ehce of deſcents, mentioned in the laſt art. we mult. rake the-deſcent- 


| Ar. thro Aq. from 2 e, twice the deſcent thro' Bm, i order to have 


„ whece 


2 — . the fluxioa of the ſaid difference, which wrought as in 


: A 


the laſt art. we'll find. v = 3 q - Tp 
_o - i 2 FEAR. + | 
443. If a body B (fig. 211) or a pendulum be oſcillating in a cy- 
choid RAP, and be reſiſted by an uniform force, which is to the force 
of gravity as m to 1, and alſo by the fluid or medium in which it moves 
where the reſiſtance is as the ſquare of the body's velocity, to find the 
time of oſcillation &c. let d gas in art. 432, or to the ſmall arch Bm, 
as the whole motion ofthe body at B to that loſt in moving thro* B m, 
by the reſiſtance of the fluid, pat eB R, Bm=z, Ae ga, AR or 
the pendulum's length = b, h Ege g the diſtance the body muſt 
| freely fall in vacuo by a forct'= its ſpecihc gravity in the fluid, to ac-- 
quire the yelocity it has at B, then becauſe (art. 424) the deſcents from 


— 


— 9 , 6 4 | „ 

5 SY * 1 N 
4 Fe 133 | 5 g 
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any points R, e, B, &c. in a cycloid to A, the bottom is made in the 

Game time, it will be as b is to 1 the force of gravity ſo is a — R to 


a2 = that part of gravity which accelerates the motion of the 
body at B, and becauſe the uniform velocity acquired by falling thro! 
any diſtance e is (theorem 167 ) = 2c, therefore, as d: 1; 203 


2© the reſiſtance cauſed by the fluid, which added to m, the other 


d 
part of reſiſtance, and that taken from 2. R a — 


2E ſor the whole accelerative force of the body at B, now (theo. 151) 


„ gives _ 


T' 


| 0 2 
t —, ſo 
V v2 


= time of deſcribing B m, and (theo, 152) v=ft, 


chat is: — 24 * — velocity generated in that time, 


5 F : Te 


which, its plain, muſt be = 7 , the fluxion or increaſe of / 2 e, the 
2C | 


velocity at B, hence, we have 2 5 0 —M_— = — or putting 


©=a—mb, it will be —. F. + +2£+ = = 0, which (art 


419) ſolved gives 8 l AR 249 + 
: 2bd 3 N 
4 s 
E l — AS &c. which ſeries ſubſtituted in = t, inſtead 
324dd 354.5 5 2“ 4 


of e, will give the fluxion of the time, whoſe fluent is found, 12 


n r ; k 
$-1416 /bx:1+ 777 c. & the time of one oſcilla» 5 
tion. When the body comes to I, the height of its aſcent, then e o, 6 
and from the aboye value of e we'll find R= 2 C- 4< Dees 7. 
= 3d 3 dd 8, 

arch B A 1, whence arch ID= 2a = 45 192 ne. oy 
| 34 94d 
2c=a—mb) am b 1 _16ccc e. N 
* N | 25 
q 

The End of the Second Part. 


1410 0 4. — 


T H E UNIVERSAL 


MEASURER 


AND 


M E 01 H A NI C. 


PART THIRD. | 
CONTAINING | 


1. Decimal arithmetic made eaſy, with new conſtructions; and the 
| extraftionof roots. 
2. Deſcription, conſtruction, and uſe of Coggie/haPs ſliding-rule. 


3- Multiplication of feet and inches, * called croſs multi- 
plication. 


4 Superficial meaſure of planes ond of ' „ids; with the methods of 
taking dimenſions with, or without inches. a 
5. The ſeveral artificers works. 

6. Menſuration of ſolids. 

7. Surveying, plotting, and dividing of lands. 

8. Gauging in all its parts. With the reduction of meaſures, deſ- 
cription of inſtruments, new- improvements on the ſliding- rule, 
gouging without inches, &c. 

9. Queſtions and ſolutions ; exerciſing menſurations, ſurveying, 
gauging and mechanics : as the mechanic powers, pendulums, 
muſical rings, barometers, pumps, mills, engines, gunnerg, Se. 


* A 
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Scene. Num of Dreints. 
5 * EXPLANATIONS 


2 FP. the Arnetminator of any fradion be 1 dad eyrhen, ach Tec: 
tion is called wdecimdl fraction, 28 Fg. gr, &c. are decimal 
fractions. Now if for the unit 1 in the denominator we write a comma, 
or full point. and duppoſe every ſigure in che numerator to poſſeſs the 
place of a cypher in the denominator, then the above fractions will 
ſtand thus 4 05 &. whence decimal fraftions may de expreſſed 
e theirdenominacors, and ſo wrote in one line like whole numbers; 
being always careful of the comma and cyphers on the left hand of the 
figures ; for the comma is inthe place of units, the next to it the place 
olf tens, the next in the place of hundreds, &c. 4. e. = „For ao, 5, 
which is 5 tenths or no whole numbers 5 tenths, n 3 
tenths 5 hundred parts, or 35 hundred parts of an unit, and +54; = 
5035 no tenths, 3 hnndreds, 5 thouſands, or 35 thouſand parts of 
an unit, &c, Cyphers onthe right hand hide of — are of no value 
and may be rejected, except for illuſtrations fake, v4 = 14% 15889 
i. e. ,5 = ,50= ,5000, &c. each of theſe being * and unit ; fer 
an unit be divided into 39 gg parts 5 is balf of them, if 100 = parts 
10 is alſo half of them. N 

2. I an integer or unit be dipided into 10, 100, 1000, &c. = parts, 
the figures in the decimal ſhew how many of ſuch parts aretobetaken; 
ſo in ,25 the integer, whether a foot, yard, pound, &c. is divided into 
100 = parts, and, 25 denotes 25 of them; allo , 2345 denotes ,2345 

of 10000. Now becaute X19 = 100, and 100 10 1000, 
it follows chat the 10's are 10 times greater than the 100's, the 1000 
ren-times greater than the 1000's Fc. if the figures were all =; fo tha 
if ever ſo many ſigures follow'the.,2 it is greater than them all, eveniſ 
they were ſo large as to be all 8's or all 's ; ĩ. e. unity is greater ia | 
99999, ++ is greater than 1099599, Ss. 

3. Therefore , 2345 may be taken for, 2345897, or 0035 for 
200287648 Kc. for All the figures after 5, viz. 89y do not malt 
roo · nor all after 8, viz. 7648 &c. do not amount td , ooo. But i 
vo or more decimals are to be wr iRght with, and you would be more 
exact, you may take the ſum of all the nigurcs after the breaking off f- 
gures, and add che number of points to any one of the breaking of f- 
gures, thus if, 23456 ,007892, and ,013479608 were the decimals, 
and you would work with three places in each, viz, 234, 0, a0d ,01Þ 
bere the ſum of to of ue following figures in ech Is 5 56 997 
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2 192, and becauſe it ig nearer 200 than 100, add 2 to ſome ofthe 
dreaking off figures 4, 7, 
decimals witt be ,234 , and, oi; which in working will anfwer 
nearly the ſarhe end as if you work with the three firſt taken ones. For 

the ſame reaſons 3.1416 may be takem for 3. T4 Ke.” But if the 
figure following the breaking off figure be 1 vader 5 thi increaſe of 1 may 
be too much, as 3,78912 you may take 3;79 jn a common way, but td 
be mare exact 3.5899 may be when, &. for others as yon find made 
ule of in the following pages. Where 3.07 4 places of decimals are though 
ſufficiently exact in common cafes, which method ſpares a great deal 
of labour. | 
la addition and multighcation theſe methods may anſwer, but in ſub». 
traction and diriſion it is plain, if one of the places be increaſed hy u- 
hity, &c. and not the other, the error muſt eynſequently be greater, - 


Reduction of Docinun. 


To reduce z vulgar fraction to à decimal dne of che 1058 value. 


Rule 1. Annex or bring down cyphers to the numerator, and divids 
i by the denominator till aothing remain, (if poſſible) and the quotient 
is the decimal required. 


Ex. 4. F. and 6. Reduce £, ++, and”; . | each te decimals 


2)1,00(,5=# £ 30) 1.00.05 = x5 200) 1,000(,005 = x75 - 
10 100 1000 


7. If the numerator and denominator of any fraction be each multi- 


| plied by one and the fame number, the fraction will (tilt retain its ſirſt 


ralue, fo in +52, if the numerator 1 and denon aator 200 be exch al- 
tiplied by 5, we ſhall have 498 = 52H = 005. 

8. Hence to determine the value of any decimal, ſay how often the 
whole denominator 200 in the numetator 1, itigdes no times, fo make 


ã comma in the quotient place; then ſay how often the whole denoqi= 


nator 200 in the Whole number 1 and one cypher, it Foes no dates again. 
fo write © after the comma; again, how often 299 in 1 and two cy⸗ 
thers, it yet gves no times, ſo write  fecond cypher in the quotient 5 
again try with 205 in 1and three cyphers, and pda it goes juſt 5 times 
ſo rug 5 in cke quotient aſter the fecqad o you find the decimat,Dog 
= 7545, the given fraction. Obſerve the ſame method in aff exampleg 
of this kind, and you'll eaſily: find the value of the decimal, which i 
the chief thing i in decimals ; for by writing 5 for 0,5, oro, for 0997s 
the error in the end may be much greater than if you uſed no decimals 
or parts at all, ſince decimals are only for working ſuch parts are le 


, ſuppoſe to 3, and then the 3 contructeck 1 
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than a unit of the integer of the whole part. i. e. having taken the 
decimal of theſe parts, you join it to the right hand fide of the whole 
numbers, and ſo work with that mixt number inſtead of the given one, 
as 7.5 for 74, ,5 being the decimal of +, 
Ex. 9. Reduce 4+ to a decimal. 
13)5,000(,3384615,384615, &c. 
5 the remainder, 

Here I annex 3 cyphers and bring down 3 more, and then find that 
F remains, which 5 is =to the firſt dividend, and therefore the figures 
in the quotient will return again or circulate in the ſame order as before; 
ſo therefore add as many figures to the quotient as you pleaſe with 
continuing the diviſion the more the nearer the truth you'll come, as 
by ex. 2 and 3. tho' it never will be quite exact. Theſe are called re- 
peating, circulating, or infinite decimals. 

Ex. 10, 11, 12. Reduce 4 and 4 and *+ = 34 each to decimals. 


3)1,00(,3333 += 5 7 468 — 51 
5 = 


„6667 — 
x &c, 2 Kc. 
3) 11, oo 1 666 K* 34 
3,667 — 57 
20 See example 3. 
18 
2 Kc, 


The ſign + annexed to any number ſhews it to be too little, but 
— denotes it ſomething too much. 

Ex. 13, and 14. Reduce 5 inches to the decimal parts of a foot, and 
allo of a yard. Here 12 inches are one foot, and 36 one yard, ſo we 
only have +4 and I to reduce. 

. 12)5,000(,4167— feet. 36)5,000(,1389— 'yards. 
the remainder 32 the remainder 
Ex. 15, 16, 17. Reduce 2 Tor 2,5 inches to the decimal of a foot; 
alſo 17s 6d, and dad, each to the decimal of a pound ſterling. 
Rem .000 | 4003 5,00 480) 17,000 


9 
12) 2, 5000 


— — — — 


2 in. 2063 f. 7 
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Firſt. Becauſe 2+ inches is = 5 half inches, and 24 half inches the 
integer 1 foot, therefore divide 5 and cyphers by 24 or 2,5 and cyphers 
by 12. Secondly. 17s 6d is = 35 fixpences and 40 ſixpences, =the 
integer 1 pound. Alſo 83d = 17 half pence and 480 halfpence = 1 
pound. And thus may coin, weight, time meaſure, &c. be reduced. So 
if the integer be a foot, the decimal of 1+ inches will be ,125 = z4=4 
of 3 inches =,25 =x4 = x of ginches =,75 =x$ = # of 4 aninch 
= 0416 &c. &c, 


Addition and Subtractian of Decimals, 


Rule 2. Theſe are performed in all reſpects like whole numbers, 
regard being had to place units under units, (viz comma's under com- 
ma's) tens under tens &c. both in the integers and decimals, 

Examples in Addition, | 
Ex. 18. Ex. 19. Ex. 20. Ex. 2t. 


20057 785623 25,687 7,5 
„0002 02 1032, 02 27,7 
5 55 4,5 123,009 
5083 079 2432, 0689 6,000 
51489 1,384623 349422759 163,5798 
Examples in Subtraction. 
Ex. 22. Ex. 23. Ex. 24. Ex. 25. 
From , 3123 25,02 270 I 
Take „o 3,98 ,028 98769 
3021 21,04 2 69,97 2 5012 SE 


Multiplication of Decimals. 


Rule 2. Having multiplied the factors together as if they were whole 
numbers, prick off as many decimal places in the product towards the 
right hand as there are in both factors, vi z. in both the multiplier and 
multiplicand. For if 10 and a 100, or 100 and 1000, &c. be the de- 
nominators of two decimals, their products will be 10 x 100 1000, 
and 100 X 1000 = 190000, i. e. there will be as many cyphers in the 
product as there are in both factors. 3 

Note. If there be not a ſufficient number of figures in the product to 
prick off, you mult ſapply that want by prefixing cyphers. 


F _ 
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| Ex, 26. Ex": Ex, 23, 9. 29. 
Mul 3,024 32,12 0347 „000627 
ee I. ooo 

9072 9636 | 2082 © 1254 

6048 12848 1041 627000 _ 

+ 6048 6424 824. — 
622412 — 780,516 200081592 — 19-06271254 | 

30. When the factors together contain more "RI: of decimals than 


you chuſe to have in the product, they may be contracted in the working 
to any number of places, and the product true to that number as if the 
factors had been multiplied at large. Thus, place the units place of the 
\ akiplicr under the number of decimals in the multiplicand that you 

would have in the product, which done ſet all the other figures in the 
multiplier in an inverſe order; then begin to multiply each figure in the 
multiplicand by the figure in the multipher which ſtands under it, ſetting 
it down under the units place in the multiplier, and the reſt as in com- 
mon multiplication, the ſum ot all theſe products is that required. The 
greateſt difficulty is to get the ſirſt figure, begin therefore 2, 3; or 4 fi- 
gures before that which you are to ſet down, ſo you'll have the tens to 
carry to it, which increafe mult be carefully obſerved. 


Ex. 31, 32. 33. Let it be required to multiply 140900 by 
52,7438, and to have 4 places of decimals in the product. Alſo 257, 356 
by 76, 48, and to have no decimals in the product. Alſo, 0,248264 by 

0,725234 and to have 5 places of decimals in the pwn” 


_ * 


Ex. 31. | Ex. 32. | | Ex. 33: 
Hel 562 257.356 248264 
— — — 
15707906 ' 801g 17378 
62832 1544 497 
| 21991 103 134 
it 1257 20 | 5 
f 94 —2 as 21 
| | 25 19682 r 8004 So 
F* 165,6995 


- Bince (by Ex, 3) e of decimals are fufficient, and this 
way of multiplying anſwers that end with ſo much eaſe, you'll find it 
aſten rn and to make it * more 25 See 
cheſe examples here at large. | 
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| Ex. 31. | Ex, 32. Ex. 33. 
3, 141592 * 257,356 — f 5248264 
52.7438 76,48 725234 
251132736 _ 20159848 DJ 
94124776 10219424 | 44792. 
1257368 154436 | 4196528 
21992114 180142 12413260 
52832 Je 4966 28 8. 
— Sense. ee ͤ © IEITTS 
55, 69951001 290 W. — — 


34. To find a vulgar fraction nearly = to a given decimal one. (See 
prob. 173) But if the decimal expreſſion be a circulate it may be done 
thus, for every cypher in the firſt circulate write a 9, ſo you have a 
yulgar fraction =the given decimal, which vulgar fraction by reduction 
wil turn out the ſame decimal, ſo in nden &c, here the cir- 
culate is 189 ſo 189789189 becomes ig = L in lower terms = 2 * 
in the lowelt terms, alſo „666 * = = Js and, 123123 &c. = #4 
= 44, alſo ,15666 &c. = ,15 5 = »15 f and fo on, obſeryiog to om- 
mit the one in the denominator when you write g's for . A fraction 
is brought into lower terms by dividing its denominator and numtra- 


tor by any number chat meaſures them both without a remainder. 


35. To find the value of any decimal, is the converſe of finding the 
decimal of ſuch a value, therefore, in ,587 and in ,587 333 &c. how 


many pence and farthipgs ſterling. 


Ex. 36. Ex. 37. 
+587 387333 Ke. = »587 5 
1 ! 4” 12 12 
d 7,044 4.7,047996 d 7,044 
3 4 eee 
rs 0,176 qrs. o, 191984 d 7,048 
- 7d. o qrs. 176 87 ſh. | 4 
r. c, 192 


Anſwer , 587333 Kc gd 04r. , 191984, or nearer æ 3d o qr. , 193. 


Ex. and 39. In, 5234 of a flat foot how many ſquare inches, and ia 
21251212 &c. of a yard in length how many feet and inches ? 5 
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15234 51251212 = 5125 Tf 
eee 3 SORE 
20936 3753036 1315 34 
20936 12 12 
— m 5 
ſq-in. 75,3696 An. o feet but 4, 50436 in. nearer of 4,5044% in. 


In theſe and many other examples of the ſame kind, you muſt prick 

off as many decimals in every product as you have in the multiplicand, 
and if any ſigures remain towards the left hand they are whole numb- 
ers of the ſame name with the multiplier. In circulating decimals if 
you put the valgar fraction for its equal you'll have its juſt value. (See 
ex. 37 and 39,) wrought bath ways, 


Diviſion of Decimals. 

Rule 4. Perform diviſion as in whole numbers ; then prick off as ma- 
ny decimals in the quotient : as that their number added to that of the 
diviſor may be equal to thoſe in the dividend : fo if the decimal places 
in the diviſor and dividend be made equal by annexing cyphers, the 
quotient will be whole numbers till you bring down more cyphers and 
then you get decimals ; fo after diviſion is ended if any thing remain, 
vou may bringdown cyphers and continue the quotient at pleaſure. See 

ex. 3. 


Ex. 40. Ex. 41. x 
24,3)780,516(32,12 ,0236),00081892(,0347 
When the quotient figures are too few the want muit be ſupplied 


by prefixing cyphers to the quotient. Diviſion and multiplication are 
the converſe of one another. 


Ex. 42, 43, 44, 45. Divide unity by ,7854, by 282, by 231, and 
by 2150,42. 
»7854)1,000(1,2732+ 282)1,000(,0035 46+ 
$752 remainders 139 | 
231)1,000(,00432 2150,42)1,000000( ,000,46 
2 (-004329+ , 2150.42) = (,000,465+ 
46. Any whole number is multiplied by a vulgar fraction when it is 
multiplied by its numerator and divided by its denominator. S0 to 
multiply any whole number by zul is but to divide it by 282. But 
(by ex. 43) x34 = +003546+, therefore multiplying by ,003546 and 
_ dividing by 282 are the ſame, or multiplying by 282 and dividing by 
003546 give the ſame anſwer. And thus the 4 laſt examples being di- 
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viſors are turned to multipliers, or being multipliers ab en © 
viſors, and ſo may any other by making 1 the dividend and the given. 


factor the diviſor. And becauſe multiplication is eaſier than divifion, | 


you may. thus turn any conſtant diviſor into a conſtant multipher or 

or. | 0 
* Since, by the laſt rule, the number of places in the quotient muſt 
be to the difference between that number in the diviſor and dividend, 
you may therefore know by obſerving the diviſor and dividend what 
places there muſt be in the quotient, and ſo contract your diviſion, which' 
will greatly leſſen the work when there are many places in the diyſor 
and dividend. wt 

48. Divide 70,23 by 9,9863. 


Contracted. The ſame at large. 
7.9863)70,2300(8,7938 7-9863)70,2300(87,938 
ao. . 6389044 
05390 63356 © 
——— . eo 
e 7492 7491 4 90 
| 7187 | 7187 | 67. 
305 3041 230 
_ A Cn 
- 66 64 | 6414 
63 63 | 8904_ 
OOTY O | 7516 


For every figure yortwrite in the quotient leave out one in the divi- 
for towards the right hand; having due regard to the increaſe that 
would ariſe from that figure ſo left out, and then divide on as uſual. 

49. The ſquare root of any number is ſuch a number, as being mul 
tiphed by its ſelf may produce the ſirſt taken number, which is called 
the ſquare of that root; ſo 2 is the ſquare root of 4, 3 of 9, 5 of 25. 
and 4 1s. the ſquare of 2, 9 of 3, 25 of 5, &c. In the ſame manner the 
cube of any number is known by multiplying the number twice into it 

KF; ſo 8 is the cube of a, for2xc2 X2=8, alſo 64 is the cube of 3. 
| 8009 is the cube of 20, &c. and 2 is the cube root of 8, 4 of 64; 20 of 
8000, &c. by which method the following table is calculated, 


Cubes T_BT27[64 [125 | 216| 343 [572 [729 [7000 Þ 
aquares | 4 | 916 27 36] 49] 64] Bi] 700] 
Roots ("21 3 41 5| 6171819 


. 
CS B 


— 


* 
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$o. When any number as 2578, 3692 is given to be extracted, you 
malt firft divide it imo periods by points made over every ſecond figure 
for the ſquare root, and over every third figure for the cube root, be- 
ginning ro point at the units place whether whole numbers or decimals, 
O the above number pointed for the ſquare root ſtands thus 2578, 3692, 
and ſor the cube root thus, 2 578.3693. this ſhews hat the ſirſt bgure 
in the root will be, by comparing the firſt period with the above table, 
and allo how many figures will be in the root, there being a Egure for 
+ every full point except one, ſo the ſquare root will-confi of 4 places, 

and the root of the firſt period 2518 5 ; but the cube root will have only 
3 places, and the neareſt root in the table to the ſirſt period 2s 1, for 
the ſquare of 10 being = 190, the ſquare of 100 being = 10000, the 
Cube of 10 being = 1609, the cube of 100 being = 1000000, &c. it 
follows that two figures cannot have above one figure in their ſquare 
Foot, nor three figures more than one figurein the cube root. 


51. Henee, alſo, if you are to take the ſquare root of any decimal 
it muſt be made to conſiſt of an even number of places, otherwiſe you 
cannot have the true root of the denominator. Alſo for the cube root 
of a decimal, it myſt be made to conſiſt of 3, 6, 9, &c. places, by an- 
nexing a cypher or two; for if you were to take the cube root of 0,8 
and call it 0,2 (becauſe by the table 2 is the cube root of 8) then , 
o, 2c, x, oa is (by rule 3d) = ,008,which (by explanation 49) ſhould 
be — 0,8, ſo o, 2 is not the cube root of o, 8, but the cube root of 
o, Soc will be che cube root of o, 8. 


To extract? the [quare root. 

Having pointed the given number as before directed into periods of 
two ſigures each, take the neareſt leſs ſquare root of the fixſt period to- 
wards the leſt hand (which is foon had by the table) and fer it in the 
quotient, and take its ſquare from the ſaid firſt period for a dividend, 
double the quotient for a divilor, then ſee how often it may be had in 
that diyidend, ſo as the figure thence ariſing being annexed to the diviſor 
and multiplied by the ſaid ſigure, the product may be , or the neareſt 
leſs to the dividend that can be; ſubtract this product from the divi- 
dend, and to the remainder bring down the next period for a new dixi- 
dend, double the whole quotient for a diviſor and proceed as befort. 
Thus go on until all the periòds are brought down, if nothing remain 
Jou have the true root, but if there be a remainder bring down eyphers 
Fo * dime, and ſo carry the root intg decimals at pleaſure, 
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Ex. 52. What is the ſquare root of 3214892 


1 
. 89 #*®% 


321499(567 the root. 
25 


Here the neareſt leſs root to 32 the firſt peviod'is 5 its ſquare 55 ſo 
there remains 7, to which bring down 14 and the dividend is 714, aud 
5 doubled is 10, ſay how often 10 in * (leaving out the 4 becauſe the 
figure ariſing is to be annexed to 10) iges 6 tunes, ſo ſer 6 after 10 
and it will be 106 the firſt divifior, which multiplied by 6 gives 636 and 
taken from 714 leaves 78, to which bring the next period 89, ſo 738g 
will be a ſecond dividend, the whole quotient 56 doubled is 1 12, which 
ſeems to go j times in 788, ſo 1127 is the ſecond diviſor, which multi- 
pled by 7 gives 7889 = to the dividend; ſo 5671s the exact ſquare rape 
of 321439, as will appear by multiplying 567 by its ſelf, which is the 
way to prove the ſquare root, and when there is a remainder it mult be 
added. 


Ex. 53, 54, 55. Required the ſquare rot of 32, 1489, of 321,499, 
aud of 0321489 | | ; 


32, 148945, 3a, 48901 7% %%,,f 0321489000, 
25 K 1 root 1 root 


106) 714 27) 2 27) 221 
636 189 189 
1127) 7889 349) 3243 349) 3248 
7889 3144 3141 
3583) 13790 — 3383) 10790 
10749 | 10749 
358601) 4100000 remains 41 
258691 ; 


remains 051399 
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Ex. 56, 57, What is the ſquare root of 4 and of 14 ? 


2 = ,666666(,$164 | 1412 1, 5001, 2247 
64 root 1 root 
161) 206 22) 50 
161 : 44 
2626) 10566 242) 600 
9756 | 484 
16324) 81066 2444) 11600 
65296 9776 
remains 15770 434487) 182400 
171409 


| | remains 10991 
Extraction of the cube root. 

58. Having pointed the given number into periods, as by ex. 50. 
take the neareſt leſs root to the firſt period and write it in the quotient, 
take its ſirſt cube from the ſaid firlt period, and to the remainder bring 
down the firſt figure of the next petiod for a dividend, ſquare the quo- 
tient or firſt root and treble it for a diviſor, perform diviſion and ſet this 
quotient figure after the laſt. Again, cube this whole quotient and take 
it from the two firſt periods, bring down to the remainder the firſt fi- 
* gureof the third period for a ſecond dividend, and multiply the ſquare 

of the quotient by 3 for a diviſor, perform diviſion, and place this quo- 
tient figure after the laſt; thus go on until all the periods have been 
ſubtract d from, and if at laſt any thing remain, bring down cyphers 
and carry the root into decimals as far as you pleaſe. It is to be ob- 
ſerved, that after you have got 2 or 3 figures in the quotient, you may 
bring down a whole period at a time, and ſo get three places of figures 

more by diviſion, as in ex. 60, &c. 
Ex. 59. Required the cube root of 1728. 


1728(12 root 
a | 


3) 7 

: 6 
1 1 * 
Here the neareſt leſs root of the firſt period 1 is 1 whoſe cube 1s 
1, which taken from the firſt period 1 leaves o, to which bring down 


the firlt figure in the next period and you'll have 7 for the dividend, 
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ard 3 times the ſquare of 1 = 3 for the diviſor which goes twice in 7, 
ſo ſet 2 after 1 in the quotient and it makes 12 whole cube is 1928, 


which taken from 1728 the two firſt periods (in this caſe all the * 
number) leaves o; ſo is the exact cube of 12. 


Ex. 60. v hat is the cube root of 067 507824239 ? 


,067 ,07324230(, 407178 the root required 
264 = the cube of 4 
g times U of 4 =48) 35 
,067507 two firſt periods 
_ ,064000 = cube of, 40 
3 times (Jof,q0 = ,4800) 35078 
33600 
1478 
,067507824 = 3 firſt periods 
3 times J of ,407 = ,067419143 cube of 407 
5496947) , 0008868 12 
496947 _ 
389865 3 
3478629 _ 
4200249 K&c; 


Ex. 61, 62. Required the cube roow of x glln of de ai oe of 
cr” ho 282 and of 231. 


282)6, 5 58 = root 

282) 1 
6X6X3=108) 60,0 
CAO 


; . 242,000 two firſt periods 
274,625 S cube of 6,5 


6:5X6,5X3=126, 75) 73750 
1 
103750 * 
101400 | 4. 


—— - 
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231(6,136 = root 
94 = cube of 6 


bx GN 3 = 108) 150 
108 


* 


231,000 = two firſt periods 
226,981 = cube of 6, 
6. X G, Xx 3211,63) 40190 

233482 
67040 _ 


66978 


In Ex. 60. becauſe the cube of ,407 is ſo near t the given number 
I take in 4 of the laſt figures in the root by diviſion, in each of the laſt 
examples, two are taken in by dixiſion, but if this method in any caſe 
ſeem not to hold true, you may proceed according to the rule, viz. 
by cubing the quote for every new figure annexed &c. this method of 
extracting the cube root is from the converging ſeries (prob. 171. art 
84.) by which method any root-may be taken, but other roots being 
of little uſe, and are mach eaſier done by (prob. 171) are here omitted. 

Note. If at any time your cubed quotieat be too much, as it would 
be in ex. 61. if you took 6,6 (viz. the number ariſing by dividing 6, 60 
by 108) inſtead of 0,5 you muſt take a unit leſs in the laſt figure &c, 
as is done there, | | 


Take theſe examples for exerciſe. 


cube its root ſquare its root 
2150, 42 \ 12,9081 1 1 71 2,6457513 


7612,812 | 19,67+ 17,3205 + 


| 14 1,333＋ 4 | 40007624 08,0275 + 
13,8564 + 
J 1 


N 7121, 102 19,238 ö een, . 


> 0 


Sscriox II. Deſcriprion, conſtruction, and uſe of Cagg laſbul u, 


or the common fliding-rule, 5 


63. On this rule are two lines, one on each ſide of the ſlider, one of 
them is exactly the ſame with that on the ſlider, numbered 1,2, 3, 4, 
5, 6, 7, 8, 9, tothe middle where they again begin at 1 and ends at ; 


theſe are commonly called Guater's lines being the lame with the line 


AND MECHANHTC. wy 


of numbers on Gunter's ſcale. The other line on rules ſometimes: 
marked with D at one end, and girt line being ſet at 12 being the gauge 
point for timber. (Alſo, on ſome of theſe rules are A. G. the gauge poing 
for ale gallons, and W. G. for wine ;) this line is of a double radius to 
the other two, the diſtance here between 5 and 6 being double that be- 
tween 5 and 6 on the other two lines, &c. in any other like numbers; 
this line begins commonly about 4 and ends about 40, numbered 4, $» 
6, 7, 8, o, 10, 20, 30, 40. D. 


64. Theſe lines are numbered from the left hand towards the right 
according to the order of figures ; thus, if the firſt 1 (beginning at the 
left hand) be I, they read I, 2, 3» 4, 55 6, 7, 8, 9, IO, 20, 30, 40» 
50, 60. 70, 80, 90, if the firlt 1 denote 10, they read 10, 20, 30, 
40, &c. to 900, if the firſt be 100, then they read 100, 200, &c. tar 
9990, if the firſt 1 be o, t, they read 0,1. 0,24 o, 3.0, f. 0,5. o, C. 0%. 
0,8. 0.9. I, 24 3» 4. 5, 6, 7, 8, 9, &c. theſe you ang 
ob ſerve, or you cannot know the value of the anſwers. | 


65. The ſpace between every figure is divided into 10 parts called 
the large diviſions, and each of theſe into io other parts called ſmall di- 
viſlons, which are hundred parts the other being tenths ; to find any 
number on theſe lines fuppoſe 346, for the 300 take the figure 3 and 
for 46 take 3 off the large diyifions, and for 6 take 6 off the {mall ones, 
ſo you'll have the point where 340 ſtands, and at the fame point will 
alſo ſtand „346. or 3,46, Or 34,6, or 346000, or ,00346by taking the 
ſigure 3 to be©,3, or 3, or 30, or 300, or 300000, or, oog, &c. Alſo, 
if you would find 456789 1 on the lines, for 4 take the figure 4 (always 
take the figure on the ſlider the ſame with the ſirſt ſigure in the given num · 
ber) for 5 take 5 oft the large diviſions, for 6 take 6 off the {mall divitions, 
then becauſe there arę no more diviſions, you muſt compute for the o- 
ther figures as near as you can, ſo 7894 being to compute, take ſome - 
what more than threefourths of the next ſmall diviſion (becauſe 75 VIZ. 
0,75 is = 4 but 0,78 is a little more) that is the required point where 
4567891 muſt be is at 64 4 ſmall diviſions paſt 5, large ones paſt the 
figure 4, which is alſo the place of 4,567891 ,004567891t or 45,6789 , 
according as you take figures 4 to be 4 or ,004 or 40, &c. But when 
there are not fo many ſmall diviſions as are mentioned, which is the eaſe 
in all common fliding - rules, you muſt take what diviſions there are and 
compute for the reſt as above directed: ſo if between any two figures 8 
and ꝙ on theſe rules there are but p large diviſions, and you would ſind 
875, for 8 take the figure'$, them for 7 you mult ſuppoſe them fubdi- 
vided ſo 7 will be 3+ of them and 3 wilt be but at parts of one of 
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theſe diviſions, which is ſo ſmall that you can only take good meaſure 
of 3 diviſions paſt the figure 8 tor 875, or even for 87 and any number 
of figures to follow it. This method of numbering the rule called no- 
tation ſhould be well unde ſtood, for it is the greateſt difficulty you ll 
meet with in the uſe of this or any other rule. This method of nota» 
tion will ſerve for any rule or ſcale. 


66. The conſtruction of this ſcale is ſuch that if any 4 numbers be 
directly proportional, the diſtance on Gunter's lines between the firſt 


and ſecond terms is =to the diſtance between the third and fourth terms, 
i. e. the diſtance between the firſt and ſecond terms being doubled or 


added to itſelf gives the diſtance between the firſt and fourth terms 
which plainly ſhews this rule to be a logarithmetic ſcale of the number 
2, 3, 4» 5, 6, 7, 8, 9, and is thus made. From a nice diagonal ſcale 
take the numbers 301, 47 7, 602, &c. (viz.) the logs. of 2. 3, 4, &c. 
and ſet them in a right line one after another, ſo you have the true 
diſtances on the rule between the figures , 2, 3, 4. &. for the large 
diviſions take the logs. of 1,1 1,2 1,3 &c. and 2,1 2,2 2,3 &c. from 
the ſame diagonal ſcale and ſet them after the lines 1, 2, 3, &c. on the 
rule, &c. for the {mall diviſions, by which means Guater's lines are ſoon 
conſtructed, the line D or gauge point line is made the ſame way only 
its diviſions are double to the reſpective diviſions on the other lines. 


Note, For diſtinction I call that line which begins 1 cn the left hand 
of the rule the former line, and the following line beginning at near 
the mid rule I call the latter line, both of which are conſtructed alike, 


67. The uſe of the ſliding- rule muſt be eaſy from the conſtruction 
thereof ; becauſe in any 4 proportionals, the diſtance taken with a pair 
of compaſſes between the firſt and ſecond terms, will the ſame way ex- 
tend from the third to the th term. Now in a fliding-rule the compaſ- 
ſes are ſupplied by the ſlider ; whence this 


Rule 5. Set the firſt term on the ſlider to the ſecond term on the 
rule, then againſt the third term on the ſlider ſtands the fourth term on 
the rule; or, ſet the firſt on the rule to the ſecond on the ſlider, then 
againſt the third on the rule ſtands the fourth on the ſlider ; ſo that the 
firſt and third terms muſt (till be found on one line and the ſecond and 
fourth terms on the other: or you may uſe the {ſecond term for the 
third and the third for the ſecond. This rule anſwers for multiplication 
and diviſion. For, as 1 is to one of the factors (in multiplication) ſo is 
the other factor to the product. Alſo in dixiſion, as the diviſor is to the 
dividend ſo is 1 to the quotient. 
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68. By ex. 64, if the firſt 1 be 1 the laſt 9 will be 90, if it be 10 the 
laſt ꝙ will be 900, i. e. the laſt 9 is always 10 times the firlt g or g 
times the firſt 1. Hence in 4 proportionals when the ſecond and third 
terms are each more than 80 or 90 times the firſt term: or contrary, 
ſuch a proportion will fall off the rule and flider; in ſuch caſes it is 
belt to ſuppoſe the ſmall term to be multiplied by 10 or 100 or 10005 
&c. or the great one ta be divided by 19 or 100, &e. till they will come 
on the rule and ſlider, and then multiply your anſwer by the ſame 
number that the firit term was multiplied by, or that either the ſecond 
or third terms were divided by; but if the firſt term be divided, or ei- 
ther of the other two multiphed, then the anſwer or fourth term muſt 
be divided by the ſame number to give the true anſwer, Now to mul- 
tiply by 10, 100, &c. is but to annex a cypher or two to a whole num 
ber, or in a mixt number to remove the decimal point 1 or 2 places 
nearer the right hand, and diviſion is juſt the reverſe of this, ſo that this 
may eaſily be performed in your mind. And here it is to be obſerved 
that the line D is of a double radius, the numbers on the ſlider will be 
ſquares to the numbers on it; ſo that if you divide by 10 on the line D 
it will anſwer to 100 on the ſlider, &c. for by ex. 65, the firlt and ſe- 
cond terms being taken, the value of the other figures on the lines are 
thereby known, and by obſerving the ſaid example it muſt be eaſy to 
bring any numbers on the lines by removing the decimal point &c. 


69. If r colt 7 s and 6d, what will 3 coſt at that rate? Here as 1 on 
the {lider : 7,5 (for 6 d is 0,5 of a ſhilling) onthe rule : : 3 on the ſlider 
: 22,58 on the rule, the anſwer. But to have the uſe of the ſhding 
rule, ſhorter, or in fewer words, let A and B denote Gunter's lines on 
the rule and ſlider, and D the girt, or gauge point, then the laſt propor- 
tion will ſtand thus, as 1 on A: 7, 5 on B:: 3 on A: 22,5 on B the 
anſwer. 6 | | 

70. If I colt 7,5 what will 300 coſt at that rate? As 1 on A: 300 
on B:: 7,5 on A: 2250 on ; che anſwer. | 


71, If x colt Boo what will 750icolt Or, multiply 750 by 300, 
(By ex, 68) As 1 on A: 750 on B:: 3,00 on A to 2250 on B or, as 
on A: 300 on B:: 7, 50 on A to 2250 0n ;; or, as 100 on A: 300 
on B:: 750 on A to 2250 on B, which multiplied dy 100 (becauſe the 
ſecond or third term was divided by 100, or the firſt term multiplied 
by 100) gives 225000 for the anſwer. 1 


72. When the proportion is increaſing (as in the 3 laſt examples) 
find the two firſt terms on the former lines; but if it is decreaſing, fiad: 
chem on the latter lines, as in examples 73 and 74. | 


4 C 


\ 


"43+ Uf 221 colt 3. whar will 4 coſt? That is, divide 22,5 by 3. As 
on Az 22,50nB::ronAt67,; on B the anſwer. | 


4. Divide 2250 by 300. As 300 on A:: 1 B: : 2250 00 4; 
5 on B the anſwer. e * | 
75. Divide 225000 by 750. By example 68, it will de as 9, on 
A: 225006 on B:: , on A: 30000 on B, or 48 75,0 bn A: 22500 
on B:: 10 un A: 30000 on B; of, as 750 on A: 215ο nB :! 
00 on A to 30000 bn B, which divided by 100 (heeaùſe the firſt term 
was fo divided, or the firſt term divided by to, aud the ſecond or thi 
multiplied by 10, 19 times 10 being = ror, or the ſecond or thin, 
term muftiplied by 100) gives 300 for the anfwer. ö | 
75. IF the ſquare of 3 require 7, what will the ſquare of 60 require? 
As 3 on D (viz, the figure 30 mult be taken becauſe 3 is not on that 
Une, for it begins with 4) : 7 on the ſlider : : C on D (this 6 by the 
queſtion ſhould be 60, but it is only 0,6 becauſe 30 is taken for 3, {6 
this line D in this caſe is divided by 100) to 0,28 on the ſlider, which 
_ multiplied by the ſquare of 100, viz. by 10000 (fee ex. 68) gives 
2900, for the anſwer, 5 | ' 
77. What is the ſquare root of 15129 ? As 1 on the flider : 10n 
D : : 1,5129 ( ſee ex. 68) on the ſlider : 3,23 on D, which multi- 
plied by rod (becauſe 15129 on A was divi ed by the ſquare of 100) 
pives 123 for the ſquare root of 15129. | 
78. Between any two given numbers ſuppoſe 4 and 9, to find a mean 
eometrical proportional. If you multiply the two numbers together, 
the ſquare root of that product will be the mean proportional ſought, 
Or, by the ſliding-rule, as the leſſer number 4 on A: the ſaid leſſer 
number 4 on D : : the greater number 9 on A: 6 the mean proportional 
on C or, as 9 on A f g on D: : 40h AtoGonD as before. 
709. To find the ſirſt of two mean proportionals bet cen any two 
given numbers; you muſt take the cube root of their product which 
will be the proportional ſought: this cannot be done on this ſliding- 
rule for want of the line E, which fee in ſection 8B, 
| 88. On the edge of this ſliding · rule is a line divided into 100 equal 
parts ending at 12 inches which is a foot decimally divided, and ferves 
find the decimals of inches when the integer is 1 foot; thus, again 
6, 9, 14 &c. on the inches ſtands ,50, ,75 , 12 &c. on the ſaid deci- 
line, i. e. o, 5 for the decimal of 6 inches, 0,75 for that of 9 inches, 
d. 12 or 0,125 for that A 14 inches, &c, "Fo 

81. On this fliding-rule, is a table marked at top D. L. 8. D. vir. 
ence, pounds, ſhillings, pence; this table ſhews the value of 50 feet 
f rimber called a load, at all rates per foot from 6 to a4 pence, ſo i 


AND MECHANIC. 
Jou would know / what go feet comes to at 10d, or 1044, 101d, or 104d; 
per foot, here under the firſt D, and againſt 10, and the firſt or ſecond 
or third line below 10 you'll find 21 18 8d the price at 10d a foot, or 
21 2s 8d the price at _Y or 2l 38 9d the ane 
foot, &c. See EX. 91. 

82. Laſtly, It is plain from als goes before that if the ſecond or 
third terms fall on the line P the ſquare root of the firſt term muif 
alſo be on D. Alſo, if any of the terms be a product of two numbers; 


a mean proportional between ſuch two numbers mul be * 
ſed on P, inſtead of ſuch a product. 


SECTION III. Aultiplication of feet * inches. 


There are ſexeral ways to work multiplication of feet and inches? 
but the belt is as follows: where the 12th part of a foot, whether lus 
cal, ſuperſicial, or ſolid, js called an inch, the 12th part of an inch 


called one part, and ſo on, as in this table. | 5 
12 inches J V {foot } > f. xf. gie ſeet (. © 
12 parts 5 inch | S f. x in. give inches | 2 $ | feet 
12 leconds 24 part + 2-01 in, X in. give parts p 2&4 inches 
12 thirds [7 | ſecond | = | iv, X parts give ſec. '= A E 
12 fourths] © third J 5 (parts x parts, thirds} © | ſecond 


That is, feet into feet give feet. feet into inches give inches, and di- 
vided by 12 give feet and inches remain; inches into inches give parts 
which divided by 12 gives inches and parts remain, &c. 


83. 84. 23 85. 

F.. b BP i. | KK | y 
8:9 24: 10 I 
36 8 9. 2:82 358 7 F an inch parts 
26 : 3 ET +}; 0” 3.5. 
4 46 18: 7:6 2: 3: 0: 0 0 

10 15:6 219 3: 3: 6 9 0 1 6 

9 : © 10 : 1 3 6 the anſwer 


In Fx. 84. I firft wakiphy 10 inches by 8 free; Laying 8 times 10is 
80 inches, which divided by 12 quotes 6 feet and 8 inches remains, 
ſet 8 under inches, and carry 6 to the feet, laying 8 times 4 8 32 ang 
&'is 38, ſer 8 down and carry 3, ſaying 8 times 2 is 16.and 3.18 19, 
which is ſet down under feet, again for the ſecond row, 9 inches into 
19 inches gives 90 parts or inches and v parts, ſet down 6 under parts 
then multiply the 24 by 9, and to the product 216 inches add the F 
and the ſum is 223 inches or 18 fect ) inches as you fee ſet down in 
"WT work, add theie two rows together pricking at 12's under inches 
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parts, &c. and you'll have 217 feet 3 inches and 6 parts for the An, 
Ex. 83. is wrought the ſame way. In Fx. 85, begin with 6 ehe 
by two feet and ſo get the firſt row, then begin with 6 parts and 8 
inches and ſo get the ſecond row, laſtly, with the 3 parts get the 
third row, always pricking at 12's except in feet, which prick at 103. 


= But if there are more figures in 


the firſt than one, it will be eaſier 


. ©: 
1 6 
nn 
25 UV iO 4 © 
I 
410 6. © 6 
5 610 3 8 
OL $4.0 8 
7-43" 0-3-3 V4 


to work by aliquot parts, thus, 
multiply all the feer, inches, &c, 
in the multiplicand, by the feet 
in the multiplier as before, and 


O 
1 O take ſuch aliquot parts of the 


o multiplicand as ſuit the inches, 


parts, &c. in the multiplier, which added together gives the anſwer, 
Here follows a table of aliquot parts. Take ex. 83 and 84 by this me- 


thod, | 
1) inch one twelfth G.-? 
2 | | one fixth | 
3 | | | one fourth 
4 | | one third | . 
. 54 | | one third and one twelfth 5 
6 8 inches q is one half $ — q 
7 | | one third and one fourth ke. 
4 8 | | one third and one third 8 
1 © | | one ſecond and one fourth 
10 one half and one third 
11 119 0 I] one third 1 third and 1 fourth FS 
[ A. 7 24 10 
| - 4 <--2.50 1 
WE. 26 3 198 8 
42 4 4 6 =4of 8ft. 9g in. 12 5 of 24 feet 10 inches. 
þ —730 7 6 product 6 2 61 of24 ft. 10in. 


217 3 6 the product 


In ex. 83, I firſt multiply 8 feet g inches by 3 feet and ſo get the 
firſt row 26 3, then 6 inches being half a foot I take half of 8 ft. 9 in. 
which is 4 f. 44. 6 p. In ex. 84, multiply 24f. 10 i. by 8 f. and then 
9 i. being & and & take thoſe parts of 24 f. 10 i. viz, 3 and 4, But if 
the teet in the multiplier are above 12, (as in ex. 87 they are 17 ft.) 
it will be eaſier firſt to multiply the feet together not regarding the inch- 
es, then take ſuch aliquot parts of the feet in the multipher as ſuits the 
inches, parts, &c. in the multiplier as before. 


A 


6 ' F LOS Zin jo) * 
N | 4; a” i © FAS 4 1 ws 7 
. 2 * 8 wy — in « & ,* a+ = 28 


W 


„ 


5 

3 

6 
| 
| 
: 
| 
| 
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Ex. 87. Ex. 88. , 
; 3 BY. 97 8 » 
8 "OE r 8 9 6 4 
525 781 4 = iN Im. 8ft, 
75 43 10 = x of 97.8. 2 in, 


6 of 17 ft. 24 5 of 97 fl. 8 in. 
4 1 B54 ————— * 
3 =] 


18 11 3 2 175ſt. o in. 
1331 11 3 tue product 


13 


Ex. 89. Ex. 9o. 
37 7 5 40 10 3 
48 6 898 
159 5 8 237 7. gp. 4. 12900 = 4 f. 
12 6 5 8 1 37 f. i. 5p. 25 = 30 ft. x io in, = 300 in. 
12 6 5 8 =} of ditto 9 7 62 > X 3P.=90 p. 
1 6 9 8 6=dittow6p. 20 5 1 6 T of 40 10 3 
177 1 5 © & product K E 6 = d® 6 parts 


1247 9 © 7 6 produt 


Thus multiplication of feet and inches, like practice, may be 
wrought ſeveral ways. 


91. There is yet another article belonging to the ſliding rule, viz. 
when one or more of the terms is a ſum or aria” | thus, if 10 give. 
20, what will the ſum of 30, 40, and 50 give? or, (which is the ſame) 
what will 120 give? Set 10 on A to 20 on B, then againſt 30, 40, 
and 50 on A ſtands 60, 80, and 100 reſpectively, which added toge- 
ther gives 240 for the anſwer. Alſo, if ꝙ gives 20, what will the tum 
of the ſquares of zo and 40 give ? Here, becaule the ſquare of the ſe- 
cond or third term is to be uſed it muſt be, found on D, fo by rule 5, 
the firlt term 9 (viz. 3 its ſquare root Mex. 68,) muſt alſo be on D, 
: e. the 30 on D mult be 3, ſo 40 will be 4, and then as 3 on D: 200 

: 3, 400 D: 20 and 35,5 c reſpeCtively, whoſe ſum is 5 5,5 
we multiplied by 100 (becauſe D is divided by the {quare root of 
100) gives 55504 for the anſwer. Alſo, if the difference of . theſe 
ſquares were to be uſed it would be the ſame on the rule, only taking 
20 from 35,54 leaves 15,54, which multiplied by 100 gives 1550 4+ 
for the anſwer. This is evide ot, if you conſider, that the ſum of all 
the parts is equal to the whole. 
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CCC ͤ 007. 
; SECTION IV, Superficial Meaſure. 
92. The area anddimenſions are commonly kept in one name ; that 
is, if the area be required 


: inches 5 5 ; inches 
in feet the dämanflocb are take in feet and inches 
yards yards feet and in. 


then thoſe odd parts beingreduced ro decimal parts of the integer, the 
area is had by working as the nature of the figure requires, or without 
decimals, the area may be had by multiplication of feet and inches, 
but eaſteſt of all by taking the dimenfions by decimally divided rules, 
and then the odd parts are ready reduced to hand, and is alſo truer 
than to take the dimenſions in feet and inches &c. and to reduce the 
inches to decimal parts of a foot, for, by ſuch reduction often ſome- 
thing remains, beſides the inches are divided into more parts decimally, 
than among themſelyes, which is only into Bth's or half-quarters, fo 
that a foot contains 12 times 8 or 96 parts, but decimally divided it 
contains 100 parts, hence, when the area is required in feet, take the 
dimenſions in feet and for the odds look not at the inches, but at the 
line on the edge of the ſliding · rule decimally divided into a 100 = parti 
in the length of a foot or 12 inches, ſo may you have your dimenſions 
in feet and decimal parts of feet true, there are alſo yards decimally di- 
vided for the ſame end, and for the like reaſon, Gũnter's chain is divid- 
ed into 100 links, &c. in moſt caſes the content is required in inches, 
teet, or yards, and being in any one of theſe it may be reduced to any 
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other of them, by thele three tables. 2 
Long Meaſure. Superficial Meaſure, Solid Meaſure, 
. 6+ ©: r 

Ae t 144 = 1 1728 = 
36=3=1 | 1296=9=1 46656 = 27 =! 
To - Rows meaſures from one denominativ to another, obſerve this 
gener 
Rule 6. Loſs numbers are brought into greater by multiplication, 


and greater into leſs by diviſion, | 
Ex. 93, 94. In 5 4,5 yards in length how many feet and inches? And 
In 54,5 ſquare or ſuperficial yards how many feet and inches. 


54S 545 


U 9 
1᷑8563.5 feet in lengih 435090, 5 Tquare feet 
I2 | | 144 . 


8 


1902, o inches in length 70632,0 1quare inches 


err e & is 496. ä 1 
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Ex. 95, 96. In o, 5 parts of a ſolid ſoot how many ſolid inches? 


Alto, in 1730, 63. ſquare inches how many ſquare feet? 


1728 144) 730, 63) 12,014 +, ſquare feer 
0.52 47 whe re remmander, 
898,50 lohd” kd inches 


To meaſure a ſquare, | 
Rule 7. Multiply any fide of the fquare by irfelf, and the product 


Jt its area. By theorem 22. 


Ex. 97. If each ſide A B D of 3 ſquare (fg. 17) be 7 feet 6 
inches what its area. 


| By feet and inches, Decimally. 
* %. {% "Pos 
7 6 75 
56 3 the anſwer 56,25 the anſwer 


By the ſliding· rule. As f on A: 7,5 on B;; 7,5 o A 365 on B. 
To meaſure a rectangled parallelograta, 


Rule 8. Multiply the dn by the breadth for the area. Theo- 
rem 22. 


By _ en 
REES length {= 1 7 I Ty 

breadth 
= 21,0 


3 hp on A: 1 2 on A: 21, on B. 
To meaſure an oblique angled parallelogtam, as a chombus or rhom- 


boides, 


Rule 9. Maltiply the perpendicular let fall from one of the obtuſe, 


angles upon the oppoſite ſide, by that ſide, forthe area. Theorem 23. 


Ex. 99. Given the ſide AB D Ca feet 103 inches, the perpen- 


dieular DP = C E 9 inches to find the area. Fig. 21. 


By feet and inches. 
210 6 ſde = 2,875 
. 
2 4 10 6 ander 2,5025 
Sliding -rule. As 1 on A: 2,875 on B: :0,7500 A: Kn 


To meaſure any plane triangle. 
Rule 10. Multiply the baſe and perpendicular one by half the other 


* 


or multiply them together and take half the product; by either method - 
you may find 6 he area. Theorem 24. 
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4. 


3 
_- 


Ex. 108. Ina right angledplans triangle G BP. ns baſe By 


27 feet 40 inches, and perpendicular C P = 2 feet 3 inches, required 


the area. Fig. II, 12, 13. 


: Feet and inches. f Decimally. 
„%% ͤĩ — WT OL. ls” 
r perpendicular = "3.6 - | 
was ” ole, 27¹7.025 
n N 8128 


7 7 6+2=8f.gin.gp. 
Sliding · rule As 2 on A: 7, 833 on B: > 2,25 on A: 8,81 on By 


| Wa wc CB and a perpendicular to it from P. 


Ex. 101. In an e plane AA B C, given the baſe A B 
= 10 feet 3 inches, the L. CP = = 6 * 10 inches, ad che 1 


Fig. 11, 12, 13, > : * 
Feet and inches. Dtecimally. 
10 „ BD 34416 C f 
3 5 4 CP 10,25 = AB | 
30 9 * 350083 
42 3 3 Sliding -rule. As 2 on A: 10, 25 on B:: 6.83 
35 © 3 on A: 3502 on B; or, a8 1 on A: 3.4160 


B : : 10,25 on A: 35,02 on B, the anſwer. 


102. The plane A is the moſt uſeful figure in menſurations, &c. 
for if a figure be ever ſo irregular it may be reduced into As, by draw- 


ing or meaſuring diagonals, and Ls from thoſe diagonals to their op- 


poſite angles, by which the area of every A may be found; and then 


t is evident, the ſum of all the areas of theſe As will be the area of the 


irregular polygon, if there be bended ſides, you may take offsers as 
taught in ſurveying, or by rule 24 and 25. | 
To meaſure any plane A by having i its 3 ſides given, 
Ex. 103. In the oblique A A B Care given the 3 ſides A Bg 56, 
BC= 41, and C A = 29, required its area. 


Rule 11. From half the ſum of the 3 ſides ſubtract each ſide ſere- 
rally, multiply the ſaid half ſum and 3 remainders together accord- 


ing to continual multiplication, and the ſquare root of che laſt product 


is the area. rb . 


— 
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$9=AC. 63 63-63 + - | +. 63; 
2 =BC 6 41 29 | __ 7 = firſt differency 
56 AB 7_22 34_ a 
777120 S ſum ſides | 22 = ſecond deffer, 
63 ='$lum $702 


lu the allowing examples, yon maſt 34 = third differ, - 
Ia the Oollowing es, you Gr 3 
ſuppoſe the dimenſions to be taken as . * 374 34 | 
directed in ex. 92; ſo that let them be 25 


what they will the ares will be of the 107) 798 © 
wow name, 1144) 4968. 2 
ä 11483) 39200 
114864) 475100. 
Sliding-rule. As 1 on A: 2200 B: : J on A: 15400 BI and, af 
1 on A: 154 nB: : 34 o : 523600. Then as 63 on A: 630n 
D:: 52,36 on A (for 5236 is off the rule) to 57,4 on D, which (by 
ex. 78 and 91) multiplied by 10, becauſe 5236 was on A, divided by 
the ſquare of 10, gives 574 = area. 
To meaſure a trapezia, _.. 
Rule 12. Take the ſum of the two A and diagonal 3 they 


fall, half the product is the area; or, the one multiphed by the otheg 
gives it, Theorem 25, 


Ex. 104. In the trapezia AHG I given the diagonal A G= 28,2 
he L e H 10,5 and the Lla=8, to find the area. Fig. 14. 


10, = LeH | 
8 2441 0 Sliding - rule. As 2 on A: 28.2 on 
ie 2 B:: 18,5 on A: 260,35 o 


14.1 f diagonal anſwer. 


"260,85 = "area 


To meaſure any irregular polygon, 
Ex. 105. In the irregular pentagon a bc d e (fig. 15) is giventh 


diagonals a c = 24, and a d = 20,72, the Is bn = 10, dq= 125. 
and du — 10,2, required the area. Here two Ls b n and d ꝗ fall upon 
one diagonal a e, ſo the figure (ſee ex. 192) is divided into à trapezia 
a be d and a Aa de. 


10 = bn L 20,72 =da 
12.5 ;=dq ..- 1+ QaY =xdu 
22,5 = ſum Ls "oY 105,672 =Adae 
| '12 =+ diag. ac _270 S trapezia a bed 
270, = trap. abed 375,672 = = area requires, 
* 9 | 
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shding- rule. As 1 on A: 22,5 on B:: 12 on A: 2) on B the 
area of the trapezia; as 2 on A: 20,72 on B: : 10,2 on A: 105, 6 on 
B, | &c. | 

To hee any regular polygon. 
Rule 13. Multiply the L let fall from the center of the polygon 
to the middle of one of the ſides, and one of the ſides, and the number 
of ſides into one another, half the laſt product is the area, or the pro- 
duct of any two of theſe three into half the third gives the area. Theg- 
rem 27, 
Ex. 106, If each Gde c D of a regular pentagon be 500, and the 
L 360, what is its area? Fig. 25. 
500 = a ſide Sliding-rule. When three numbers are 
5 = number of des to be multiplied together, you may 
turn ſome one of them into a diviſor, or 
180 =; £ find a mean proportional between then. 
450000" = — Area J. Thus, as 5 on A: 1 on B; 
A : 0,2 on B, then as 0,200 A: 500 on B: : 1, 8 on A (for ehe 
the rule) to 4500 on B, ſo {by Ex, 68.) 450000= area. 2. Or (by Ex. 
78) as 5 on A: 5; on D:: 5 on A (for 500 is off the rule) to 5 on 
D. So (by ex. 68) 50is a mean proportional between 5 and 50. Then, 
as 1 (viz. the io) on D: 1800n A:: o, g on P (for 50 is off the rule) 
; 45 on A; fo (by ex. 68) 45ee00 is the anſwer. 

If the I QP be given the fide C D (by theorem 48) may be found, 
and the — Thus, as fine half the £ (C Q D) : half che oppoſit * 
fide (C D) : : co · ſine of that L (viz. fine QC or Q DC): the L 
'QP; now if we call the ſide C 1 and ſo by this. I. find the area a 
before, we'll have a factor for all regular pentagons, (ſee theorem 36) 
andin this manner is this table calculated to the regular polygons men- 


noned in it, 


— 
2500 


number [half the {.s|areas, the|theſe n multipli- | 
Ones of the} "uf at the ſſides e turned into 
Peiygons [| fides center unity. diviſors 
Ifigen 3 ee | ,433013} 2.30994 | 
Square 4 45 1,000CO 11,0000 
| | Pentagon 5 369,00 1,72047 55812 
Hexagon 6 | 309, Y 2,59807 3849 
Heptagon | 7 250,2 3,6340 2732 
Octagon 8 22, 30“ | 4.8284 52071 
Nona on 9 200, oo“ 6, 1818 „1617 
Lern 10 180. 00 7,6942 1299 
_ — — — — 


128 
= 
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toy. To uſe the table. Multiply the ſquare of the polygon's fide by 
the tabular number belonging to that polygon, or divide it by the diyi- 
ſor, the product or quotient will be the area. So if the fide of a regular 
hexagon be 10; here 10 x 16 = 100, then under areas, &c. and a- 
gainſt hexagon ſtands 2,59807, ſo 100 x 2, 39807 = 259,807 its a- 
rea, or 100 + ,3849 = 259,807 the ſame. 
sliding - rule. As 1 on D: 2,590nA : : 10(ſeeex. 63)onD : 259,89 


on A; or; as, 3849 on A: toon B::100nA: 259,8 on B, the . 
rea, &c. for others. 


To meaſure a circle, | 
* Rule 14. Multiply half the petiphery by half the diameter, or ons 
fourth of their whole product is the area. 
Ex. 108. Given the circumference A B C D= 314.16, and diame- 
ier A C = B D= 100, to find the area. Theorem 28. Fig. 43. 


157,08 =+ABCD Sliding-rule, 
50 diameter As 40n A: 314, 16 on B:: 100 
7854,00 = area on A: 7854 on B, che anſwer. 


The diameter of a circle given, to find its atea. N 
Rule 15. Multiply the ſquare of tbe diameter by 0,785 4, or divide 
it by 1,2732 (ſee ex. 42) ſo you II havethe area. Theorem 82. 
100 : Shdins-rule. 

Wa 4 109 & = demeter As 1,2732 ny 1000nB: » 100 
10000 = U diameter on A: 7854 on B; or, as 1 on D; 
0,7854 o, 7854 on A:: 100 (ſee ex. 68) on 
78; 40000 =area D : 78540n A the anſwer. 

Note. 1 to, 0,7854 (by prob. 173) will be found as x4 to tt; hencey 
as 14: 11: the of any circle's diameter to its area, 


The circumference of a circle given to find its area, 

| Rule 16. Multiply the I of the circumference by ,07958, or divide 
the Q thereof by 12,566, and you have the area. Theorem 83. 
4 lo j 1 * circumference | 

98696, 5056 =: ] circum. 12,566)98696,5056(7854,26=2arc# 
35970. = .0795$ inverted 

7854,26 = aica' 

. The .. 

© Shding-rule. As 1 on D: ,079 on A : : 23,1416 on D (for 314,16 


= off the rule) : ,9854 on A, ſo (by ex. 68) 7854 = area; or, as 12, 56& 
on A: 314,160nB:: 314,16 en A: 7854 on B, as before, 
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Having the diameter of a circle, to find the periphery. Or, the 

periphery, to find the diameter. 

Rule 17. Multiply the diameter by 3, 1416 and the product is thepe- 
riphery, (See theorem 82. But, by problem 173) as 1: 31416 :: 3 
2 22; or nearcr, : 113: 255 :: the diameter to the circumference; 
But 7 to 22 will do in molt caſes. | 

Ex. 109. If the diameter be 32, what is the periphery ? 
conſtant factor 3, 1416 oras7 :22::32 or as 113: 355 :: 39 
given diameter yy ". 32 

3 7)704 or = 113) 11360 
n NS or = 100,5309 

The reverſe of any of theſe ways will find the diameter when the pe- 
riphery is given; i. e. as 3,1416: 1, Or as 1: , 3184, or as 22: ), 
or ( to be moſt exact) as 355 : 113 : : the periphery of any circle : its 
diameter, and on the ſliding - rule may theſe proportions be wrought on 
A and B. 

To meaſure any ſector, ſemi · circle, or quadrant of a circle, 

Rule 18. Half the product of the radius into the arch, or half the 
one into the other gives the area. Theorem 29. 

Ex. 110. If the radius AB = AC be 50, and the arch BC z 
218,56, what is the area? Fig. 9. 


109, 28 = : arch BS Sliding- rule. : 
50 S radius AB As 2 on A: 218,56 on B:: 50 Wl 
3464, 00 = area A : 5464 on B, the anſwer. E 


To meaſure any ſegment of a circle. 

It is evident that if from the area of the ſector (fig. 153) SQA B 
(found as before) you take the area of the AS A Bthere will leave the 
area of the ſegment AQ BG ; therefore, 

Ex. 111. Let the arch BQ A= 28,656, radius 8 A 8 B 16, 
e verſed ſine or height of the ſegment 6 Q, and chord A B 
24, 98, to find the ſegment's area. | 
28,656 S arch AQB 24,98 = chord AB 

| 2 radius SQ_ e : 
229,245 = area ſector SAQB 124,90 r area ASAB 
124.9 S area ASAB 


104, 348 = area ſegment A QB 

Note. The area of any hyperbola, circular, and eliptical ſegments 
may be found to what exactneſs you pleaſe by the feries in problem 
189. 
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As 2 00 KA: 28,656 on B::160nA: 229, 238 on B= atea fettor, 
and as 20n A: 2498 on B:: 10 on A: 123, 9on B axea A, their 
difference is = 104,348 the anſwer. 


But if the ſegment be greater than a ſemi- circle, you muſt find the. 
areas of the ſector WE D C (fig. 112) and A W CE the ſame way, 
then its plain per fg, that their ſum is = area of the ſegment W ED, 


112. To conſtruct the table of ſegments; ſappoſe the radius of the 
circle (being unity) to be divided into 1000 = parts, and thro' every 
part chords be drawn, then the ſemicircle will be cut into 00 ſegmems 
the verſed fine of the firſt ſegment being = ,00t. Now the half chord 
of any ſegment being a mean proportional between the verſed fine of 
that ſegment and remaining part of the diameter, the faid half chord 
and arch (ſee prob. 56, 57, and 58.)may be found, and ſo che area of 
this ſegment by the above method will be found = ,0000421, in like 
manner, the height of the ſecond ſegment being o its area will be 
found = ,0001 1919 and ſo on fot others. From ſuch a table the area 
of any circular ſegment may be had by this, 


Rule 19. To the given verſed ſme annex 3 cyphers, and divide it 
by the diameter of its circle, ſeek the quotient under V. S. or verſed 
ſine, and take out the number againſt it under ſeg. or area of ſegments, 
this number multiplyed by the (7 of the diameter gives the area of the 
ſegment, for (by theorem 9.) As the diameter of any circle: any ver- 
ſed ſine thereof : : the diameter of any other circle (viz, 1,000 that 
of the table) to its like verſed fine, which proves the firſt part of the 
rule, and (by theorem 36.) As £7 x the tabular diameter or radius: 

the area of any ſegment thereof : : the ſquare of any other circle's ra- 
dius to the area of its like ſegment, which proves the ſecond part of the 
laſt rule. N 


Ex. 113. Let the verſed fine be 6 and vadis 16, us in ex, 11 f. 
32) 6,000 (,1875 _ againſt which ſtands 1019 


32 ſquare diameter 32 = 1024 
280 4076 
256 2 2038 
— 10190 
24 c. — 


area = 104.3458 
Sliding-rule, As 32 on A: zonB:t Gon A: 184 on B againſt 
' Which in the table ſtands ,1019, then az 1 on D: ,1019 en A:: 32 
on D (ſee Ex. 68) : 104,3 on A. 


* 
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_ Beeauſe the radius of the table is 500, viz. 3 places of figures un- 
der V 8, and this quote, is 1875 viz. 4 places, I therefore take the 
ſegment for 187 and ſay by the rule of > hh as 187 : its ſegment : :; 
187,5 : 1019 its ſegment, and thus you may find a proportic nal part 
or ſegnient where great exactneſs is required, otherwiſe the ſegment for 
187 or 188 will do; if the ſegment be greater than half a circle you 
mult find the leſſer ſegment as above, and take it from the area of the 
whole cirele. The area of a circular ſegment may be had nearly by 
theorem 84, and the area of an eliptical ſegment by theorem 85, but 
to go through theſe and other curve-lin'd ſegments or ſpaces would be 
almoſt endleſs, and when done would be to little purpoſe in practice, 
for ſuch figures are ſeldom met with in meaſuring, and if they be, how 
maſt their forms be known, which muſt be had before their proper 
rules can be applyed, it is then certainly beſt to make uſe of a general 
rule which will come near any plane PRONE, let it be what it will, 
See rule 24, and 25. 


How to meaſure a parabola, 
Rule, 20. The area is had by multiplying the axis and ordinate, the 
one by + of the other, theorem 77. 
Ex. 114. If the axis eu (fg. 27) be 10,5 and the greateſt ordinate 
A B=15,6, what is the area of the common parabula Au B? 


15,6 AB | 
10.5 ue Sliding-rule, 
163,80 As 1,5 (viz. 34-2) on A: 15,6 on 
$a: 2 B: : 10,5 on A: 10, 2 on B, the 
109,2 = area a * 


To meaſure an oval or ellipſis. 

Rule 21. For the area, multiply the product of its two diameters by 
78584. 
Ex. 115. If the tranſverſe diameter Tes (fig. 26) be 21, and the 
conjugate I G = 15,6, what is the area? See theorem 80. 

15,6 2 81 327,6 prod. Sliding-rule. As 1, 27032 

21 Ts 7854 = factor (viz, rr) oh A is to 21 on 
327,6 = prod. 257,29705 =area B ſo is 15, 6 on A to 257, 29 B. 
A mean proportional between the two diameters of any ellipſis is = 


the diameter of a circle whoſe area is = that of the ellipſis, ſo that what 
rule ever gives the area of a circle by its diameter only, the ſame rule 


will give the area of an ellipſis by haying its two diameters, 
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Having given the two diameters of an ellipſis to find its periphery, 

Rule 22. To twice the ſquare root of the ſum of the ſquares of the 
two diameters, add + of the thorter diameter, and the ſum will be the 
periphery nearly, ſo if the tranſverſe diameter be 30 and the conjugate 

30 then U 40 =1600 and {7} 30= 900, their ſum is = 2500 whole N 
root is 50 doubled is = 100, to which adding 4 of 30 = 10 gives 110 
for the required periphery nearly. 2 

To meaſure an hyperbola, 

Rule 23. To 80 times the tranſverſe axis add 39 times the abſciſſa, 
multiply that ſum by the ſquare root of the product of the ſaid abſciſſa 
and axis, and that product again by four times the product of the abſciſſa 
and conjugate axis, this laſt product is a dividend, then to 16 times the 
tranſverſe axis add 3 times the abſciſſa, this ſum multiplyed by 15 times 
the tranſverſe axis gives the diviſor, which diviſion being madethe quote 
is the area, this is but changing the ſigus in theorem 80, which in the 
ſame words (by reading difference for ſum) will give the area of an 
elliptic ſegment, but to be very exact you mult uſe the ſeries in prob. 189. 


Ex: 116. Let the tranſverſe T u (fig. 28) be 30, abſciſſa or height 
v C =10, and conjugate axis = 18, to aproximate the area. 


; =Tu 30=Tu 
0 16 
2400 =80X Tu 480 
add 390 =39XxuCG add 30 2 3x 
r 8 
mult. 17.32 = [Jroot 10 * 30 mult. 450 = 15 times 30 
48322, 8 product 229500 diviſor 
1720 = 4 wimes 18 x 10 
34792416 product =dividend 


2295000 247924160151, 60 = area nearly. 
2160 &c. the remainder 


This area, by the ſeries problem 89, taking in 6027 terms would be 
151,687 ; whence it appears that the aboverule may ſerve in common 


practice, only differing in this example by (151,687 — 151,601 =) 
5086. | 


Ex. 117. If 30 and 18 be the tranſverſe and conjugate diameters 


of an ellipſis and s a = 10 the height of a ſegment s b a b (fig, 336.); 
then by the laſt rule, 2 


mult. 12: 2.32 Q root of 10 x 30 mult. 45 = 15 times 30 


hence the area is the leaſt and molt exact, becauſe I. lines are the 


ſuppoſing D B= 12,245, ED=6,mH=5,49,zy = 3,88, and 
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from 2400 = $ times ſ T from 480 = ab? 


take 390 = 39 times {a take 2 = 3 umes 1 a 
200 450 


"34813. 2 3568 der 
mule, + 720 = 4 times 18 & 10 
, — 2506. 5504 = divid. 202500) 25065 504(123,73=zarea nearly 


Ex. 118, If the diameter of a circle be 30, and the verſed fine or 
height of a ſegment thereof be 10; then, by the lat rule, all is the 
fame as in the laſt example, only multiply by gm 55 RET 4 
times 18 X 10, and by 15 inſtead of 15 times 30. 


fo 34813,2 450 6750)1 02528{206,3=5 AH 
mult. 40 4 times 1e 15 ? 


— — 


1392528 = = dividend . 


How to meaſure any ſegment or curve - lined ſpace. 

| Rule 24. Meaſure in a right line from one corner of the figure to a. 
nather, and at right angles to this line take as many breadths as you 
chuſe, but eſpecially the greateſt and leaſt breadths, add all theſe 
breadths together and divide the ſum by the number of them, which 
gives the mean breadth, this multiplied by the length gives the area, or 
find the area of every part by itſelf, thus multiply half t e ſum of two 
breadths nerreſt together by their I. diſtance (ſee theorem 26) and the 
product is the area of that part, do in the ſame manner with every 
part, and the ſum of all theſe areas will be the area fought. 


119. In meaſuring, the dimenſions muſt be taken I. to each other, 


ſhorteſt, 
Ex. 120, Let it be required to find the area of the ſpace P E m;, 


yb=yH=HD = 4.08 1. Fig. 168, 


o, Abr. at B By the ſecond part of che rule. 
3 955 2 24.081 = y B 
5,49 = m 2 I 
* 0405 i yB 
— = 2 7 mul. 3.88 7 2 : 


b. if — 
numb. 4) 15,37 fun 7917140 S area ABZ 
3,84 Smer rreadth 19.119485 m Z y H 
multiply 12,245 S length 23.445345 m E D H 


4719208 = area 50o, 481970 = area ſought 
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4,685 4,685 = half ſum 
* * 081 =yH 


19,1 119485 = = area'yz m H 


5.745 45 Sof E D and m H 
multiply 4, o81 HD 
23, 445345 = mEDH 
But to be more exact, the following rule, taken from theorem 138. 
is to be uſed, 
Rule 25. Take 4 breadths equally diſtant from one another, (the 
two outermoſt of which muſt be at the broadeſt and narroweſt parts of 
the figure and if the figure be very irregular, it muſt be taken at ſe - 
reral times, that the ſides or curves between the two outermoſt breadths 
may have a gradual curvature ; this malt alſo be obſerved in ſolids ta · 
ken this way,) and to 3 times the ſum of the two innermoſt breadihs, 
add the ſum of the 2 outermoſt ones, the laft ſum multiplied by $ part 
of the length gives the area. 
Ex. 121. Let things be the ſame as in the laſt example. 


5.40 m H | 6=ED” - 
_ 3-88 88 = 27 2 breadth at B 
9437 | 6 2 ſum 
3 23,11 = triple ſun of inner. br. 
| r = 3 times that ſum 34,11 
multiply 1,53 2 DB 
52.1883 = area 


dliding- rule. As 8 on A: 34, 11 on 1B: : 12,24 on A: $2,19— 
on B, the area required. 


The dimenſions uſed in this and the former example, are the ſamg 
with thoſe in ex. 111, where by the true method the half ſegment turns 
out 52,174, which compared with theſe ſhews, that the firſt method 
by rule 24 is ſomething wider than the ſecond method by that rule 
but the errox in rule 2 25 appears inconſfiderat':,and as it comes ſo near 
a circular ſegment, it may be depended on 49 Hear in any ſegmeng 


whatever ; ; conſequently this rule is ſufficient for the whole of * 
ficial mate. 


#,* E 
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Superficial meaſure of folids. 
To find the ſuperficial content of any cube, priſm, cylinder, &e, 


© Rule 26. Multiply the girt or periphery 6f the ſolid by its length, 
and the product is the ſuperſiciaſ content of all but the baſes, to which 
if you add the area of each baſe, via. che double area of one baſe, you'll 
have the area or ſuperficial content of the whole ſolid. Theo. 132. 


Ex. 122. If each ſide of a cube be 10, 5 what is the whole ſuperficial 
content? 4 


10,5 = a ſide 10, 5 = fide 
multiply FY 4 fuch fides „ 
442,0 =periphery 110, 25 S area 1 baſe 
10,5 = length 2 


* 441, = curve fuper. 220,50 = area both baſes 
220, = area both baſes 
606 1, 5 = whole ſurface 
Sliding-rule. Becauſe a cube has fix = fides, therefore the area of 
pfic ſide is. a ſixth of the whole ſuperficial content, So as & viz, 0,166 
on A: 10,5 on B:: 10,5 on A: 661, f on B the anſwer, 
Ex. 123. If each ſide of che baſe of a triangular priſm be 10 and 
its length 25,5, what is its ſuperſicial content. 
The area of any equilateral A or trigon is had by rule, or ex. 10). 


o, 433013 tab, no for a trigon 25,5 = length _ 
n QA of a ſide at baſe 30 = 10 x 3 D penphery 
43. 013 Sarea of either baſe 705 curve ſup. 

add 86,6026 = baſes 
8 86,6026 = = content. both. baſes 85 1,6026 anſwer 


Sliding-rule. As 1 on A: 30 on B:: 25, on A: 765 on B. And 

as 1 on D: o, 433 on A;: : 1,0 en P: 43, 3 on A (See ex. 68). 
Ex. 124. If the length of a cylinder be 255, and periphery of us 
Baſe 10, required its ſuperficial content? 


07958. fee rule 16 255 length 
22 periphery 10 = periphery 
7958 = area, baſe: | 2550 S curve ſaper. 
'2 
15,916: >= arew at both baſcs 


2550 = curve ſuperſicies 
a565,916 = the whole ſuperſicies 


AND MECHANIC: * Ie 


Sliding-rule., m : 20 on A: 15% on N 
the double area. And as 1 on A: 255 on B: : 10an A f 2450 0n By 
whoſe ſum 256% is the aalwer, 


To {ind the ſuperſities of any cone or Te] 

Rule 27. The product of the llant height and periphery of the-baſe 
divided by 2, or half the ona multiplied by the other gives the curve 
ſuperficies, to which adding the area of the * the ſum is the whole 
e content, theorem 131. i 1 | 


Ex. 125, Hf each fide AB=BC=C D=DA (vg: ti) of the 
baſe of a U pyramid be 10, and the flant 46 ASC 30, wha? 
is the fupetficial content? 


10, = A B 10,5 
4 ſuch ſides 1 * 1006 2 AB 
442,0 = periphery bafe 1 
18 81 1050 


630 = curve ſuperſicies 110,25 = baſe 
110,25 = area baſe "4 
740,25 = whole ſutface 


Sliding-rule. As 2 00 A 42 0 ff f 30 e Ar670 on B. And 


0 1 on A: 10, 5 6nB :: 10, A: 110, 25 on B, whole ſum 740,29 
is the anſwer. 


Ex. 126. If the periphery of the bafe of ſome cone or pyramid be 
45 and ics ſlant height 380, what's the convex furtace ? 


- 


190 T flant height Sliding-rule. As 2 on A is to 
47 = periphety at baſe 380 on B ſo is 35 on A to 8550 
"b550 <= Goaves ſuperficies en B, the über. 


To find the ſuperficial content of any tapering ſtreight ſided fold. 

Rule 28. Take the periphery of rhe two baſes or ends in one fam, 
and multiply that ſum and the ſolid's length one by half the orher, the 
product is the curve ſuperſicies, ta which adding the areas of the two 
baſes you get che whole ſuperficial content. Theorem 130. 


N. 127. There is a conical fruſtum A BE F (kg, . the peri- 
ge A B the greater baſe is 5 2, 5, at the leſſer baſe E F is 30,5, 

” length viz. ſlant length A F = EB = 40, required the fupericia 
content of all except the greateſt baſe. a 


 £ al = 
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is the convex ſutface. 


52,5 30,75 
30,75 5 Et 30:75 » * | 
83,25 1um 45,5625 ſquare of 30,75 
20+AFP 5970 inverted factor 
1665,00 curve ſuperficies WE: :..- 
752,47 =ALB 85 10 
241747 aalwer Is 
N. an area leſſer baſe 


sliding- rule. As 2 on A: 83, 25 on B:: 40 on A: 1665 on B, 
and as 1 on D: ,07958 on A ; : 3,075 on D (See ex. 68.) : 7,524 
nearly on A, ſo 7524 is the area of the leſſer baſe, hence the anſwer 


Ex. 128. If there be a cylindefoid, priſmoid, fruſtum, &c. whoſe 
peripherizs at the two ends is 502 and 35, and ſlant length 600, what 


502 

| 
537 
300 half the height 


| 101100 the anſwer 
Sliding - rule. As 2 on A : 537 on B:: 60,6 on A: 16110 on 3 


— 


(See ex. 68) ſo 161109 is the convex ſuperficies required. 


| To find the ſuperſicies of any globe or ſphere. 
Rule 29. (By theo. 133.) the ſurface of a globe is = to 4 times the 
area of its greateſt circle, ſo any of the factors for the area of a circle 


(being multiplied by 4) will be factors for the ſurface of a globe when 


the like things are given, that is 3,1416 (= 4 times o, 7854) when 


the axis is given, or ,31832 (= 4 x ,07958) when the periphery is 


given, &c, 


Ex. 129. If the axis of a globe or ſphere be 10,5, what's the ſaper- 
ſicial content? ä 4 


oy | Saxis Us 
— As on D is to 3, 1476 on 
110, 25 ſquare of the axis A ſo is 1,05 (for 10,5 is of the 
— 22 ſee rule 16 rule) on D to 3, 465 on A ſo (by 
702425. 50 ex. 68.) 346, 5 is the anſwer, 


370,5 ſurface 


r * 


„ ORR Lua 


% J&> ads _A©ua 


9 
e 
x4 
7 
5 
54 
7 
5 
ar 
by 
5 
4 


* 


AND MECHANIOGCG. 
Haring given the length or height of any part of a globe or ſphere 
to find its ſupetficial content, theo. 135. 


Rule 30. Multiply the height of the given part, the axis of the globe 
and 3, 1416 into one another, the laſt product is the curve ſurface, to 
which add the area of the end or ends for the whole ſurface, | 


Ex. 130. Given the axis B D(fig. 128.) = 10,5 of the globe By DL 
and E v=1,75 the height of a ſegment H v d, to find the curve ſur - 
face. | 


10,5 axis Sliding · rule. 


. 8 As o. 318 on A is to 10, 5 on B 
18,375 product G3 
00463 favarted hw rern, 


jr Curve ſuperficies of the ſegmerit H v ds 


$5025 and is alſo = the curve ſuperſicies of 
1 any part or zone mH d G whoſe 
18 length m H d Gis = 1,75 
11 


577720 the anſwer. | 


To find the ſuperficial content of any of the five regular bodies. 
See problem 157. > 


1. Thetetraedron's ſurface being 4 =andequilateral As ; therefore, 
4 times the area of one of theſe Ls will be the ſurface of the tetrae- 
dron, or being a pyramid, its ſurface may be had by rule 27. Now if 
the fide of an equilateral A be 1, its area (by ex. 107) will be o, 433013 


which multiplied by 4 gives 1,732051 for the ſurface ot a tetraedron 
whele fide is 1. 


2. The ſurface of the b&aedron being 8 = and equilateral As, it 
is therefore double to that of the tetraedron, ſo 3,464102 is che ſurface 
of an octaedron, when each fide thereof is unity. 


3. The hexaedron is a cube, which ſee in ex. 122. 


4. The ſurface of the icoſaedron is contained under 20 — and equi · 


lateral As, and is therefore 20 + 433013 = 8, 66026, when its fide is 
unity, | | 


* 


5. The ſurface of the dodecaedron is contained under 12 = Penta» 
gons, ſo 1.720477, being the area of a pentagon whoſe fide is unity, 12 
times 1,720477 = 29,645724, will be the ſurface of a dodecaedron, 
Whoſe fide is unity, and thus you get this table, in which for the ſoli- 
ity's See Ex. 181, 


V 


HE UNIVERSAL MEASURER 
” = 


( Fetraedron ) E & f 1732051] F {0.11785 
If the | Octaedron * 3.464102 ; | 0,47 140 
fide of J Hexaedron = #4 6, I, 
the | Icolaedron | 7 & | '8,660260 , | 2,18169 


{ Dodecacdron ) 3 (20, 645724) & | 1,66312 
- Rule 31. Multiply the ſquare of the {ide of the propoſed body by 
the tabular fuperficies belonging to that body, and that product is its 
ſurface, 4 


Ex. 131. If the fide of a tetraedron be 10, what is its ſaperficies? 


T,732051 Ay Sliding · rule. | 
— As 1 on D is to 1,732 on Aſo is 1,0 en 


173.2051 anſwer” D to 1,732 on A, ſo (ſee ex. 68) 173, 2. anſ. 


Ex. 132. If the ſide of a dodecaedron be 13, what is its ſuperficial 

20,645724 , Sliding-rule! As f on Dis to 20,64 on 

1169 of i3 A ſo i 1,3 on D to 34,89 on A, (fee 
3489, 127356 anſwer ex. 68) ſo 3489 is the anſwer. 


In rule go. Is the method of finding the ſurface of any ſegment or 
of any fruſtum of a globe, but to find the ſurface of any Q or poly gon 
on the ſutface of a globe, this following rule is general. 


Rule 32. Take the angles in degrees and decimal parts of a degree, 
to their ſum add 360, from this ſum take the product of 180 into the 
number of angles, multiply the remainder and the ſquare of the ſphere's 
axis and ,0044 (3,1416 + 720 ) into one another, the laft pro duct i 
the area or ſuperſicies of the polygon. Theo. 76. 3 


Ex. 133. and 134. If the axis of a globe be 16, what is the ares 
of a ſpherical A on that globe, whoſe 3 Ls are 360 87 and 4618“ and 
104%, viz. 36,1333 and 46, 3 and og. Alſo, what is the area of 3 
Ipherical pentagon, whoſe 5 Ls are 70, 805, 130, 150, and 160, al 

_axas ofthe globe 20. | 


#. For the A, (degrees) 
36,1333 
46,3 
104. 
18634333 
add 360, 


1 FT. 546.4333 | | 
ſubtra 549 = 180 * 2 1805 = 90⁰ 
054333 * OS 505 
ages + 3 f 122220 
256 [7] 16 the gots - Danis 20 400 
Ex. 135. But to find the ſurface of any ſolid which properly is not 
knoy n. : L 

Rule 33. Take 3 equi-diftant girths or periphery's each at right Ls 
to the curve length, or ſlant length and to 4 times the middle girth add 
the other two girths, this ſum multiplyec by a ſixd of the carve 
length, gives thie ſurfuce. Theo. 133. 

Note, The two extreme gitths muſt be taken the one at the greateſt 
bulge, and the other at the leaſt, in the figare, and the mean girth in 
the middle between them, and if the figure be very irregular, or thier 
be ſeveral ſuch bulges it multhe taken at ſeveral times as if it were ſo 
many ſeveral figures, and the ſym of all the contents will (nearly) be 
that required, or if you think 3 givths not ſufficient, you may take 4 
and work by rule 25 


Required the ſuperſicies of the bli& Q V Q (fg, r4p)-the perip- 
hery at V the greateſt bulge, being = 40, at Q the leuſt o at M 
tho middle, between Qaad V = 355 and the curve length QV =Q.y 


4 Sade ib id 


S <. 


724635912 area A 


* 30, 
Gieths, Siding-rule, As 6 on A is to 180 on B ſo is 
9 30 on A to goo on B the ſurface of QN v, 
Eos 35 and if the other part Q y Nhe = this pars al- 
50-1 n ready meaſured, then twide geo 1800 the 
A ſurface of the whole ſokd; or, as & o A > 


900 1800 B ſo js 60 on A to F8odant B. 
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SECTION V. Artificers work. 


Artificers have different ways of meaſuring according to the cuſtom 
of each craft, ſome give the content in feet, ſome in yards, ſome in 
+ ſquares, ſome in rods &c. they alſo differ according to the cuſtom of 

the place, ſome give the content in one denomination, and ſome in a- 
nother. Now as a general rule for all the various methods amongſt 
' theſe workmen, it is beſt to take the dimenſions in feet and decimal 
parts of a foot (ex. 92.) and ſo find the content in feet which (by rule 
6.) may be reduced to what name you pleaſe, for it is ſeldom that ar- 
tificers uſe ought but ſuperficial or flat meaſure, and becauſe walls, 
doors, floors, windows, roofs, &c. are rectangles the areas of ſuch are 
always found by rule 8, but if any other farm come in practice it can- 
not but come under ſome of the foregoing * 2 or 3 examples in 


every caſe will clear up this ſection. 
| Of Bricklayers work. 


The principals are walling, tileing, partitioning and chimney-work, 
Bricklayers commonly meaſure their work by the rod {quare of 16 
feet and an half, ſo that one rod in length and one in breadth contains 
(16,5 X 16,5) 272,25 ſquare feet; but in ſome places they allow 18 
feet to the rod i. e. (18 x 18) 324 ſquare feet, and in others 21 feet 
is a rod with 3 feet height i. e. 63 ſquare feet, and here they do not 
regard the wall's thickueſs, only moderates the price accordingly, ſo 
when you are to meaſure ſuch work enquire which of theſe ways muſt 
be uſed, and then divide the product of the length and breadth in feet 
by the proper diviſor, ſo will you have the content. But where brick 
walls are meaſured by the rod, and reduced to the ſtandard thickneſs 


ef 14 brick thick, this is the 
Rule 24. Multiply the ſuperficial content of the wall in feet by the 
number of half bricks it is in thickneſs, one third part of that product 
is its content in feet, at the ſtandard thickneſs, 

Ex. 136. If a wall be 724 feet long, 194 feet high, 1 5+ bricks 
thick, how many ſtandard rods doth it contain ? 


A 19,25 feet Note. In reducing feet to rods, 
multiply 72,5 it is uſual to reject the odd ,25 
1395.6 25 and divide only by 272, but the 

$br. thick IT diviſors 3 and 272,25 may be re- 
duced to one factor or diviſor, and 


3)1 TT 
272) 51 17,291 
wds = 18,8 


ſo be a conſtant gauge point. 
Thus, 272,25 & 3 = 816,75 


AND MECHANIC. 4r 


which divided by 11 quotes 74.19, which 1s a conſtant diviſor for 54 
bricks thick and in this manner is this table conttructed, tor the thick- 


nels between 1 and 4+, and may be continued at pleature. 4 9 
| bricks | * * 
chick _| 2 pliers | diviſors Siding-rule. 
ger” | 4 47 | 490927 | As 74,19 (the gauge point 
Is 100307 | ' 272-25 } for the given thicknets 53 
2 | ,004%9 | 204,19 "mg 80 pe: 5x) on 
24 00602 | 163.35. | : 19,25 on B::72.50n A 
3 00734 | 136.12 18,8 rods on B. the auſwer. 
31 | ,00857 | 1 6,68 | 
hy ,o0884 | 102.1 | 


The uſual way to take dimenſions of a building is to meaſure half round 
it (at the middle) on the out · ſde, and half round it in the in-fide with 
a cord, this gives the true compaſs of the building in which the thickneſs 
of the wall is conſidered and if it be all of a height, meaſure its height 
at any place from the bottom of the foundation, bur if the height be 
vaequal, you mult take ſeveral heights, and their ſum, divided by the 
number of heights gives the mean height, the pykes on the end walls 
being As are meaſured as ſuch, or two S ones being put together makes 
a rectangle of the ſame height and breadth of tlie vuilding. 


Ex. 137. H each fide wall of a building be 45 feet long on the out- 
ſide, each end wall 15 feet broad on the in · ſide, the height of the build- 
ing 20 feet, and the pyke at each end wall 6 feet high, the whole, 2 
bricks thick, how many ſtandard rods, as alſo how many ſquare yards 
not minding the thicknels, as if it were a ſtone building, &c, 


Feet. - For the ſquaze yards. 
90 ſum fide walls 9)2490 = area inſect 
add 30 that of the ends — — 5 
120 compaſs 276,1 U yards 
20 height Sliding - rule, for the rods. By 
2400 area without pikes the table, the diviſor tor c O 
15 X 90 pikes add bricks thick is 204, 19, ſo as 


2490 (| teet in the whole 204 19 on A: 300 B: 90 

mult. , 00489 fact. 2 bricks thick on A: the rods excluſive ofthe 

F 12,17610 rods, anſwer, pikes, and as 204,19 on WS * 
15 on B:: 6 on A: the rods contained in the pikes. | 

Sliding-rule for the yards. As ꝙ on A is to 120 on B ſo is 20 0n A 

2663 on B the yard's area pikes excluded; and as 9 on A to 15 


* * 
* F 
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on B ſo is 6 on A to 10 on B the pikes; ſe 2663 added to 10 gives 
3763 the area in yards as required. 

Note. Stone buildings are ſometimes reckoned amongſt maſon's 
works. 


Of Chimneys. 

In meaſuring a chimney, the uſual way is, if it ſtand alane without 
kaning againſt a wall, &c. girt it about below the mantle, and take that 
for the length, and the height of the room, or chimney ſo far as it 
keeps the lame girt, the product of theſe two is the content, but if it 
ſtand againſt a wall you muſt meaſure it round to the wall for the girt, 
and take the height as before; for arches, ſome take the breadth and 
half breadth of the arch, and multiplies that ſum by the length of the 
arch, far the content; ſome make deduction for windows, doors, and 
the vacancy in chimneys between the hearth and mantle, &c. and ſome 


. none. 
Tileing, and Slating. 

Tileing is meaſured by the ſquare of 100 feet, viz. 10 feet long and 
To feet broad. Slating ſometimes by the yard ſquare, and ſometimes 
by the rod of 49 ſquare yards, &c. To take the dimenſions, meaſure 
with a cord the length of the ridge, then having a fmall weight at one 
end of the cord, put igorer the ridge and let it go down to the eave, 
and take the other i to the other eave, fo you have the breadth of 
the roof, which multiphed by the lenpth of the ridge gives the content. 

Note. Double meaſure is commonly allowed for hips, vallies, gut- 
ters, &c. And in tileing it is common to allow double meaſure at the 
eaves ſo much as the projecture is over the plate, which is generally 
about 18 or 20 inches, 


Ex. 138. If the breadth of roof with the uſual allowance at the 
eaves be 24. 5 feet and the length of the ridge 45 feet, how many yards 
ſquares, and rods are in that roof? 


24,5 feet breadth 


45 length 100)1102,5 N feet 
9) 1191,5 U feet "11,025 U 
49 1225 U yards 
2 Tack 


Sliding- rule. As ꝙ on A: 45 on B:: 24,5 on A: 1224 on g the U 
vards area, and by ſetting 1co and 441 (viz, 9 times 49) on A inſtead 
of 9 you'll get the ani nſwer in {quares and in roods. 

Note. Some make an allowance in roofs for the ſpaces taken up by 


edimneys, &c. but others make none. 
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Of Carpenters tvork. 

Carpenters work, as flooring, partitioning, and roofing, ate meaſured 
by the ſquare « of 100 feet like tileing, and ſome places by the ſquare 
yard; 

Ex. 139. If a floor be 57,25 feet long, and 28,5 feet broad, how 
many ſquares ? ' 


feet 37,25 length Sliding-rule. 
22853 breadth | As 100 on A: 57,25 on B: 
100)1631,025 U feet 28,5 on A : 16] nearly, anſwer 


16,31625 [quares 
Ex. 140. If a partition between two rooms be in length 80, 5 feet, 
and in height 124, how many ſquares are contained therein ? 


12,25 feet Sliding-rule. As 100 on A: 
n 12,23 on B:: 80, on A: 98,06 
1000986, 125 U feet on B, the anſwer. 
9.86125 Iquares 


Ex. 141. If a houſe within the walls be 49,5 feet long and 20,5 
feet broad, how many ſquares? 


40,5 feet 
20,5 breadth Sliding: rule. 
100 830,25 U feet in the flat As 66,66 (viz. 3 of 100) on 
8,3025 ſquares in the flat A: 40, 5 on B:: 20,5 on A: 
add 4+1512 half the flat 12,45 on B, the anſwer. 


12,4537 ſquares in the roof 


Note. If the roof of a building be truly pitched, the area and half 
area of the flat or floor will be the area of the reot, or as 2 ĩs to 3 ſo is 
the area of the floor to that of the roof, on which footing the laſt ex. 
is wrought, | 
Of Plaiſterers wort. 


Plaiſtering, rendering, and cieling, are all meaſured by the ſquare 
yard, in ſuch works it is beſt to take dimenſions with a decimally dive 
ed yard, when a room is plaiſtered or rendered, take its compals in the 
inſide girting in chimneys, &c. where ever the work comes, this mul- 
tiplied by the height of the room gives its content, 


Ex. 142. If the compaſs of a reom be 47,2 yards, and its height 


4.3 yards, what is the content? 
yards 5,41 height Sliding-rule. As 1 oa A: 47, 2 3: 
45.8 circuit 4.3: 203 nearly. 


247,778 content 
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Note. Whiting and colouring are both. meaſured by the yard liks 
plaiſtering. Deductions oraliowances are to be made according to the 
different cuſtoms of places. 
£ SHS Of Foiners work, | 

This work is alſo given in {quare yards, in taking dimenſions, they 
meaſure round the room, or round the floor upon which it ſtands for 
the breadth of their work, and for the height, they meaſure with a cord 
the height of the room denting in the line where the plane comes, and 


girting over corniſhes, pannels, mouldings, &c. 


| Ex. 143. If a room of wainſcot (being girt over the mouldings &c.) 

I be 5,41 yards, and the compaſs thereof 137,4 feet, what is the content? 

I yards 5,41 height Sliding-rule, 

| | 45,8 circuit As 1 on A: 45,8 on B:: 5,41 
247,778 content on A: 247.7 on B, the anſwer. 


Note. Doors, window - ſhutters, and and all ſuch like as are wrought 
on both ſides are called work and half work; in ſuch cafes find the 
content as before, take half thereof and add to it, which gives the 
content; or, as 2: 3: : the content before found: the content at 
work and half work. g | 

Ex. 144. If the window ſhutters about a room be 70 feet broad 
(viz. all their breadths in one ſum = 70 feet) and the height of each 
ſhutter 6.5 feet, what's the content at work and half? 


6,5 feet Sliding-rule, As 6 (viz. 9 times 2 divided 

_ buy 2) on A: 70 on B:: 6,5 on A: 75,8 
2/455 work on B, the content at work and half. 

227.5 half work In ſuch examples as this, if all the 

9)082,5 heights be = you may take all the breadths 


75,8 yas, work and 4 in one ſum, if all the breadths be = you 
i may take all the heights in one ſum, which 
is caſier than to work them by 1 at a time, and equally true. 


Of Painters work, 
Painters work is the ſame with that of joiners, both in taking dimen- 
ſions and meaſure, 


Ex. 145. I a globe be painted whoſe greateſt circumference is 10 
feet, how many yards of painting is thereon ? 


19 pcriphery Sliding-rule, 
150 . | periphery As ꝙ on A: 1000nB: : 0,318 on | 
„ A: 3,53 on B, the anſwer, 
931,832 feet * 


3,537 U yards 
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Of Maſons work. 


Maſons work is ſometimes meaſured by the foot ſquare, arid ſome- 
times by the running foot, (viz. only ſo many feet in length) where 
obſerve that for every foot in length, running meaſure, there ought to 
be a foot in breadth, or girt if it be a ſolid wrought about, and this 
makes running meaſure agree with ſuperficial meaſure, as it always 
ought to do; if a ſtone be hewed into any ſolid form you may by ſome 
of the rules in the laſt ſection find its area. Maſons like joiners, &c. 
always meaſure fo far as their tools come. Stone buildings are ſome- 
times reckoned amongſt maſons work. Paving is alſo reckoned in 
with maſons work. 


Ex. 146. If a wall be 112,25 feet long, and 16,5 feet high, how 
many rods at 63 ſquare feet to a rod. 


112,25 feet Sliding-rule. As 63 on A: 112,25 

16,5 on B:: 161 on A: 29,4—0nB. 
6)1852 125 A perſon that cannot even multi- 
229,4 rods ply may eaſily find the [7 feet. &c. in 


any rectangle; thus, this wall being 163 feet high, if you take its length 
112% feet and meaſure it on your rule 16 times and a half, you will 
find 185 2,3 feet for the area of the wall, | 


Of Glaziers work. 


Glaziers meaſure by the ſquare foot, and commonly take dimenſions 
nearer than any of the foregoing, for they'll go to the 8th, or 10th of 
an inch, 199” 

Ex. 147. If there be 4 panes of glaſs each 4,22 feet high, and 1,25 
feet broad, how many ſquare feet? 


4,23 Sliding-rule, 
5 = 4 times 1,25 As 1 on A: 4, 23 on B:: 5 on A: 
21,15 U feet required 25556 on B, the anſwer, 
5 | 


Ex. 148. If the diameter of a round window be 2,23, what is the 
content ? 


2,23 Sliding-rule. 
8 As 1 on A: 2, 23 on B: : 2, 23 on A: 4,99 
4,9729 U teet on B the anſwer, 


Note, Round and oval-windows are meaſured as if they were full (7 
that length, &c. becauſe glaſs waſtes in cutting for ſuch forms. 
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To meaſure Beard and Plank. 


Board and jſlank are ſometimes ſold by foot running meaſure, which 
is had by meaſhring the planks length along its middle, and by the flat 
foot, which is had by multiplying the length, taken as before in feet 
and decimal parts uf a foot, by the breadth in the middle taken in inch- 
es, that product divided-by 12, gives the ſuperficial or flat feet, and 
ſometimes by the ſolid foot, which is molt reaſonable, becauſe it con- 
ſiders length, breadth and thickneſs, viz. one multiplyed into the pro- 
duct of the other two, and if they all three be inches, the product di- 
vided by 1728 (che ſolid inches in a cubical, or ſolid foot) gives the 
ſolid feet, but if any one of theſe 3 dimenſions be in feet as generally 
the length is, then divide the laſt product by 144, or if two of theſe 
3 be in feet. then divide by 12. But it is eaſieſt, and will require no 


dividing, to take all the 3 dimenſions in feet and decimal parts chereof, 
ſee the following examples. 


Ex. 149. If a board be 16 inches broad and 13 feet or 156 inches 
long, how many ſquare or flat feet is therein? 


vulgarly common method decimally 

inches 156 length 13 feet 13 feet 

16 breadth 16 | 1,333 

144) 2496 inches 12) 208 2 17.329 
17: O feet 174 


2. As 12 on A: 1600B::1300A: 171 on B, in 
3. As 1 on A: 13 on B:: 1j on A: 17 onB, ſquare fect. 
Any of theſe 3 ways (as alſo by feet and inches) may be taken, but 
the laſt being molt expeditious and exact too, if the dimenſions are ta- 
ken decimally, it is moſt in uſe. 
Ex. 150. If the length of a plank be 15, 2 feet, its breadth o, 32 
parts of a foot, and thickneſs o, 25 of a foot, what is its content ſu- 
perficial and ſolid. 


1. As 144 on A: 1600 B:: 156 on A: 174 on B, 1 


15. 2 length 4,864 ſuperficial c. content 
mul tiply 32 breadth ,26 thickneſs 
4,364 ſuperficial content 1,216 ſolid content 


Sliding-rule, As 1 on A: 15, 2a on B:: „32 on A: 4,86 on B the 
flat feet, for the ſolid feet find a mean proportional between any tuo 
of the 3 dimenſions (the breadth and depth are commonly taken for 
this purpoſe). Then it will be as 1 (or the ſquare root of any other 
diriſor) on D : the length on A: : the mean proportional on D : the 
content on A, or turn ſom one of the 3 dimenſions into a diviſor (ce 
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ex. 106) ſo here, as, 25 on A: „25 on D:: 32 on A: ,28 on D the 
mean proportional between, 25 and 32 ; then as 8 on DP: 15, 2 onA 
: „28 on DP: 29 on P: 1,22 feet on A the ſolid content. | 


Ex. 151. If a board be 5 inches broad, how much in length will 
make a flat foot? Bradt 


Rule 35. Since the product of the length and breadth gires the area, 
us evident that if the given area be divided by one of them, the 
quotient will be the other of them, 

5)144 inches in a flat foot 
anſwer 28, 8 inches in length | 
Sliding-rule, As 5 on A, 144 on B:: 1 on A: 28,8 on B. 


Ex. 152. If a board be, 82 feet broad, how much in length will 
make 24 flat feet? 


82)2, 50 flat feet Sliding-Rule. As 0,82 on A: 24 
anſ. 23,05 ſeet length on B:: 1 on A: 3, 5 on B. 


Theſe two examples conſiders t he board to be an = breadth through - 
out, but if it be broader at one end than at the other, you may take a 
breadth as near as you can gueſs in the middle of the part to be cut 
off, and with that breadth find the length as in the laſt ex. and then 
find the content by ex. 150, which if it be too much, or too little, you 
may try a leſs, or a greater breadth, &c. ſo by a few trials may come 
near the length required, but to doit exactly and at once, fee Queſt. 19. 


Of ſquare Timber. | 


Square timber meaſure is the ſame with ſolid plank, therefore th 
length of the tree, the breadth and depth, ar thickneſs, taken in the 
middle thereof, and multiplied into one another gives the true ſolid 
content if the baſes or ends are equal, (for then it is a. priſm) but in 
tapering timber it gives the content ſome what too little as appears by 
ex 172, 

Ex. 153. If a piece of ſquare timber be 13,2 feet long, and 1,52 
feet ſquare, (viz. 1,52 broad and 1,52 deep) how many feet of timber? 


1,52 breadth 2,3104 area in the middle 
1.52 depth 13.2 length 
2,3104 8 30, 49728 anſwer 


Sliding-rule. As 1 on D: 13,209 A: : 1,52 on D: 30,5 on A 
the ſolid feet required. ih | wad 


* 
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Ex. 154. If a piece of ſquare tapering timber be 15 foot long 1 foot 
broad, and 0,7. ot a foot deep at the leſſer end, 2 feet broad and 1,4 


feet deep at the greater end, how many ſolid feet is therein? 


Note. If the tree (whether ſquare or round timber) be not contain · 
ed under itreight planes from baſe to baſe, ſo that you judge its breauch 
and depth taken in the middle not exact, you may take thele dimen. 
ſions at each bale or end, and half their ſum will give that in the nud- 
dle, ſo in this ex. half the ſum of the two breadths 1 and 2 is 1,5 and 
half the ſum of the two depths 0,7 and 3,4 is 1,05. Then, 


1,5 breadth [ taken in the middle of the tree. 


| 1,05 depth 
1.515 Sliding · rule, ſee ex. 106. and 150. 
15 length As 1.05 on A: 1, C5 on D:: 1,5 on 
23, 025 ſolid feet. A: 1, 25 on Da mean proportional 


between 1,05 and 1,5. Then as 1 on D: 15 on A;: 1, 25 on D: 
23,621 on A. the anſwer. 


Otherwiſe. As 15 on A:1onB::1onA:,066 on B, which is 
15 turned to a diviſor, Then as ,066 on A : 1,5 on B: : 1,05 oa A 
: 23-627 on B the anſwer. 


Ex. 155. If a piece of ſquare tapering timber be 18 foot long, 6 
inches deep and 1 foot 6 inches broad in the middle, how many ſolid 
feet? 


1,5 breadth Sliding - rule, here o. 5 turned to 
5 depth a diviſor is 2, Then as 2 on A: 
»75 18 on B:: 1.5 on A;: 13, 3 on B. 


18 S length pz anſwer. 
13,50 ſolid feet. | 


Note. Some meaſurers of ET take half the ſum of the' breadth 
and depth taken in the middle of the tree, for the ſide of a nean ſquare 
which ſquared and multiplied by the length they ſay gives the content, 
But it gives it too much, and if the difference between the breadih and 
depth be great, this error is ſo too, as in the laſt example, the depth 
,5 feet added to the breadth 1,5 feet gives 24 feet whereof is 1 foot, 
which multiplied by 18 feet the length, gives 18 feet for the content, 
too much by 4,5 feet. 


Ex. 156. If a piece of == baſed ſquare timber be 6 inches — 
at each end, how much in length makes 14 ſolid feet. 


a —. eim . — * * 
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Rule 36. Becauſe the product of the length, breadth, and depth gives 


the content ; therefore, if the given content be divided by the product 


of any two of them, the quotient will be the third. 


a2 Sliding - rule. As o, 5 on D: 1,5 onA::1 
feet = fide on D. 6 on à the anſwer. 


„2501.5 g. content Note. If the timber be tapering, ſee 
6 feet anſwer queſtion 20, ſection 9. 


" Of round Timber. 


The uſual way is to girt the tree in the middle with 2 ſmall cord, 
then one fourth part of that girt ſquared and multiplied by the length 
gives the content, but if the tree be uneven in the middle fo that a true 
girt cannot be taken there, then you muſt girt it ateach end, and take 
half the ſum of theſe two girts, which anſwers to a girt taken in the 
middle, + whereof muſt be uſed as before, when you've taken the girt 
with a ſmall ſtring, double it and meaſure that double on the inches on 
a ſliding rule, &c. half this is a fourth of the girt in inches, which 
fquared and multiplied by the length in feet and divided by 144 gives 
the content in feet, or as a general rule upon the ſliding rule As 12 on 
D : the length in feet on A:: a fourth of the girt in inches on D; the 
content in feet on A, but if you meaſure the girt upon a foot rule de- 
cimally divided, you neęd not divide by 144, and on the ſliding · rule 
it will be as 1 on D: the length in feet on A:: a fourth of the girt in 
feet and decimal parts of a foot on D: the content in feet on A. This 
is the method generally practiſed becauſe of its eaſe and expedition, 
but it always gives the content too little; as is thus proved, if the cir- 
cumference of a circle be i then 4 of x is = 0,25, which {quared gives 
0625 for the area of the girth but (by rule 16) the true area of ſuch 
a circle is ,07958, ſo that if the timber be = baſed, (viz. a cylinder) 
the true content will be to that found this way, as ,07958 : ,0525 
which is nearly as 22 to 18, ſo thoſe that buy round timber by this 
meaſure, have nearly one fifth part allowed for chips, and more it the 
timber be tapering as you'll ſee in ex. 174. But if the diameter of a 
circle be 12 inches its area (by rule 15) is = 113,0976, waoſe ſquare 
root is 10,635, ſo that if inſtead of 12 on the line D you taxe 10,635 
0n it, or by the pen divide by 11 3-0976, inſtead of 144 you'll nave the 
true content nearly, But cuſtom being ſo much ia favour with the 
erroneous gauge point 12 that it is needleſs to ofter any other method. 


Ex. 157. If a piece of round timber be 20 foot 3 inches long, and 6 
inches ſquare in the middle, how many feet of timber is therein? 


K % 
* 


pf che girt is chat much. 
common way decimally 
inches 3 1425 — 3 8 1 gire 
36 2 4 girt & P—25 area area girt 
20,25 length __ 20,25 25 length 
| 144)729,00 area girt | $e96ag feet feet, content 
yy 5,06 feet content 1 


- "B54 — 5 2 * * a 
Po a 88 —— rnon., — 
— * 8 * = 
- = _ = i 89 
b T — = — — 
* r 5 2 — — 
— 
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| Note, That by ſaying round timber is ſo much 3 


Sliding - rule. 1. A812 on D: 204 on A:: 6 en D: 5.06 on A the 
ſolid content in feet. 2, As 1 on D: 20, f on A:, on D: 5,06 on 


A as before. 
Ex. 158. In apiece of round timber 18 feet long, 0,92 feet girt at 
the leſſer end, 1,8 feet girt at the greater end, how many ſolid feet ? 
Here the ſum of 0,92 and 1,8 is 2,72 (fee ex. 154) half of which 
1, 36 for the girt in the middle. 
feet 8 + of 1,36 Sliding -rule. 
34 girt in the middle AStonD:180nA::3400D 
— irt 
mult. 4 7 2 length 
7 270808 anſwer 
Ex. 159. If the length af a walking · ſtick be 3,5 feet and 4 an inch 
fquare, what's the content? : 
feet 2,5 length Sliding-rule, As 12 on D: 3,5 
2 (4 girtininches gn A: 5 (for o, f is off the rule) 
"Ta4)9875 on D: 0,61 on A; ſo (byex. 68) 
50061 = feet content 0061 part of a foot is the anſwer, 
Dan. ſolid foot After theſe methods the follow. 
"10,5408 ſolid inches anſwer ing table is calculated. 


— a 


. 


* ot. 


Content i in feet. 


"Length i in et. 


3 girt in inches, 
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Note, To meafure growing tree is the ſame ching hen the di- 
menſtons are taken, whie may be had by a ladder and a long ſtat, 
- with a cord to take the givt, or you may' rake the height by problen# 
130.&e to 135, and find the girt by problem 162, 163, &c. 
To find the ſolidity of any cube. Fig. 123. | 
Rule 26. Multiply the fide by itſelf, and that product multiplied bi 
the ſame {ide gives the ſolidity. Theorem 86. 


Ex. 160. If each ſide of a cube be 62706, what is its ſolid content?” 
a J. iven fide Sliding, rule, 
— * As 10nD: 60, 2 on A: : 0,602 (for 
3524.04 its ſquare” 6052 is off the rule) on D: 21,8 out 
9,02 given ſide 4, ſo (by ex. 69) 21800. is the an* 
218167,208 tolidity agnſwer. 
To find the ſolidity of any parallelopipedon, priſm, or cylinder. 
Rule 37. Multiply the area of the baſe by the length of the ſolid; 
and the product is the ſolid: content. Theorem 86. 


Ex. 111. If the length of a O priſm be 15, and each ſide of its 2 
baſe 7, 2, what is the ſolidity ? 


7,2 | | Sliding-rule, 

2 Na) dou 49 As i on D: 15 on Af: 0,72 (for 
51,84 area of the baſe 7,2 is off the rule) on D: 5,776 on A 

I lengtlt ſo (by ex. 6g) 777;6 is the anſwer? 

Fx. 162. If a piece of = baſed hen timber or ſtone, &c. be 25 feet 

long, 9 inches, deep, and 25 inches broad, how many ſolid feet? 


common way decimally by feet and inches 
inehes 25 breadtit 2,8 33 feet T iy 
225 area baſe 1,562475 area baſe 2 1 6 9 
235 fl. height 25, multiply 25 Po 
144) 5625 (39, 061875 content „ 
| 12 6 © 
Sliding- rule. 1. As 9 on D: ꝙ on A:: 25 10 6 
on A: 15 on D, a mean proportional between O 6 3 


.J and 25. 2. As 12 on D (becaule 12 is the 39 ©. 9 anſw. 
ſqbare root of 144), 150n A: : 15 on D: 39, oo ſolid feet on A the 
anſwer. Otherwile. See ex. 1060. 1. As 0,75 on A: 1 on B 1 on 
A : 1,33 on B, 0,75 in a diviſor. 2. As 1,33 on A: 25 on B:: 2,083 
on A: 39,06 on B the anſwer. 
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Fx. 163. If there be a triangular priſm, the baſe of its triangulaf 
baſe being 13 inches, and L thereof 12 inches, and the ſolid's length 
20 feet, how many ſolid feet is contained therein? 


common way decimal feet and inches 
13, 5 inches 1, 125 feet + 1 6 
: -6=2 of 12 7 234 4 
10 arca baſe 1,125 8 
20 feet height 2 10 10 Ihbeight 
1441620 11, 25 antwer 1 | 
11,25 anſwer 


Sliding-rule. 1. As 1 on A: 1,06 on D:: a mean proportional 
between 1 and 1,125. 2. AS 1 on D: 10 (4 of 20) on A:: 1, o6 on 
D : 114 on A the anſwer. Otherwiſe, 1. As 6 on A: 60nD:: 13, 
on A: 9on D, a mean proportional between 9 and 134. 2. AS 12 on 
D: 20 on A:: 9 on D: 11,25 on A the anſwer. 


Ex. 164. If the length of a cylinder be 8 and the diameter of each 
baſe 2, 1, what's the ſolid content? 


2,1 Sliding-rule. 
5 6 7854 turned to à diviſor is 1,2732, 
4.41 J diameter whoſe ſquare root is 1,128 ; therefore, 
2854 (ſee ex. 68) as 1, 128 on D: 8 on A:: 
3.463614 area baſe 2,1 on D: 27,74 on A the anſwer. 
<>" height / 


27,7089 12 ſolidity | 
To find the ſolidity of any cone or pyramid. 


Rule 38. Find the area of the baſe according to its form, by ſome of 
the rules in ſection 4, which area multiplied by a third part of the lo- 
lid's axis gives the ſolid content. Theorem 89, 


Ex. 165. If A vCD (fig. 119) be a ſquare pyramid, whoſe axis 
. vP is 15, and each fide AB=BC=CD=D A of its ſquare baſe 
AB CD 10, 1, what's its ſolid content? 


10, 1 Sliding - rule. 
OM vo As 1 on D: 5 on A: : 1,01 (for 10,1 
ö ors is off the rule) on D: 5,1 on A; ſo (by 
| =7 


ex. 68) 510 is the anſwer. - 


510,05 iolidity 
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Ex. 166 If there be a pyramid whoſe baſe is a regular heptagon _ 


each ſide whereof is 10 and the axis of the pyramid 68, 1, what is its 
ſolidity, 


— a Gde ot baſe Sliding-rule, 
105 Set the {quare root of ,2751 (viz. 
100 that ſide 3,6339 or 3,6340 in a diviſor) on D: 
3 6339 lee ex. 107 22,7 on A then againſt 10 on D ſtands 
303,39 area baſe 8249 on A the anſwer. 


22,7 8 axis 
—— — 
8249, O8 iolidity 


Ex 167. If che axis v D of a cone vA B (hg. 127) be 68, 1, and 
AB the diameter of its baſe 10, what is the ſolid content? 


IO { 4 Sliding- rule. 
10 + diam. baſe See ex. 164, As 1,128 on D: 22,7 
100 its U on A: : 1 (for 10 is off the rule) on 
7854 D : 17.83 on A, ſo (by examp. 68) 
73,54 arca baſe 1783— is the anſwer. 


22,7 = D 
1782, 858 ſohdity | 
Ex. 168. If the cone be elliptical, (viz. of an elliptical baſe) the 


greater diameter of the ellipſis 1 5,2, the leſſer 10, and cone's axis 22, 
what's the ſolidity ? 


15,2 _—.. 
* .. multiply 17054 
I52 3)2626,3776 
2 axis — 
3344 product 875,4592 ſolidity 


Sliding-rule. As 1, 128 on D: 2,34 onA :: 12, 38 (a mean 
proportional between 15,2 and 10) on D: 875, 4 on A the anſwer. 


To find the ſolidity of a fruſtum of any pyramid or cone. 


Rule 39. For the fruſtum of a pyramid, whoſe baſes are ſimilar re- 
gular polygons, to a fide of the greater baſe add a fide of the leſſer baſe, 
from the ſquare of that ſum take the product of the two ſides, multiply 
that difference by the tabular number (ex. 107) which reſpects the 
form of its baſes, this laſt product multiplied by a third part of the fruſ- 
tum's T height gives its ſolidity, Theorem 107. 4 


Rule 40. To the product of two ſides of the two baſes, add part 
of the [7 of their difference, this ſam multiplied by the tabular num- 


ber (as before) and then by the fruſtum's. L. height or length gives the 
ſolidity. Theorem 106. 
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Rule 4t. Multiply the difference between two ſides of the two bafe: 
by 0,52 that product added to a fide of the leſſer baſe, this ſum ſquare 

and multiplied by the tabular number and fruſtum's length as befor, 
gives its ſolidity nearly, Theorem 124. 


Note. Theſe 3 rules hold true in conical fruſtums by uſing the di- 
ameters of the baſes as ſides, and ,7854 as the tabular number, or if 
you take the peripheries inſtead of the diameters you mult take, 785 
inſtead of ,785 4, and if the baſes of the fruſtums be not regular poly- 
gon, as rectangles ellipſis & e. the two following rules are general. 


Rule 42. Multiply the area of the greater baſe by the area of the 
lefler baſe; to that product add the ſaid two areas, this produces the 
ſolidity after being multiplied by a third part of the fruſtums height, 
let the baſes be in any form whatſoever provided they be ſunilar and 
parallel. Theorem 108. 


Rule 43. To four times the area taken in the middle of the ſolid 
parallel to its two. baſes, add the area of each baſe, this ſum multiplied 
| by one ſixth part, of the ſolids length gives its lolidiry. Theorem 138. 


* \ 


Note. This laſt rule holds true in all Areight ſided fruſtums, whether 
of cones or pyramids, as alſo in cylinderoids and priſmoids, and very 
near in any ſolid whatever as appears in prob. 190, whence this rule 
(like rule 25) is in itſelf ſufficient for the whole of ſolid- meaſüre, and 
there is no difficulty in it, but taking the ſaid middle area, which in 
| practiſe may be done as eaſily as an area at each end; and in curve- 
lined-ſolids it cannot be harder to come at than the frgures form which 
is to be known before you can ſind its content by the rule adapted to 
ſuch a form &c. But in ſtreight lined ſolids (by theo. 9) half * ſum 
of any two like ſides at the baſes is equal to a ſimilar fide in the middle 
berween theſe two baſes, ſo in theſe ſolids it is had without meaſuring. 
In all caſes of ſolid meaſure the length is to be taken perpendicularly to 
the breadth or breadths, as is evident from the theory of menſurations. 
Part-ſecond. 


Ex. 169. If Ab CD be the fruſtum of a [7 pyramid; whoſe axis p 
is. 24, AB, a ſide of the . baſe 13, and; a b, a, ſide of the leiſer 
baſe 8, what is its ſolidity? Fig. 119 


— 


.. TT + *R4S wo 


< WF = oF. *%., I Im 7 


— — 
— ——— 
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Firſt, by rule 39. _ Secondly, by rule 40. 
132 @aD ' 7_ ſ I | 
add 8 =ab : mary £4 ; 
ws 104 product 
i 4a. f 25, Odifferen, 
ſubtract 104 = 13 x 8 " 2... RR 
337 1 24 = pP 
8 pP - 2696 ſolidity 
MT 2969 lolichty 
Thirdly, by rule 41. Fourthly, by rule 43. 
. difference of fideg 21 ſumofABandab 
„ 4441 = 4timesar, mid, 
2,60 169 = OAB 
add 8 =ab | 85 64 ies 1 
10.60 mean ſide 674 tum 
112,36 its U | rr 
24 =pP 2696 lolidity 


208696, 64 ſolidity | 
The belt way to work theſe examples by the liding-rule is dedu- 
ced from rule 43; thus, as 1 on D: 4 (F of 24) on A:: 21 (the ſum 
of 8 and 13) and 13 and 8 on N: 1764 and 676 and 256 vn A reſ- 
pectively, the ſum of theſe 3 numbers gives 2696 for the anſwer. 
Fach of theſe methods gives the ſame content except that by rule 
41, which differs from truth by o000, 64, the reaſon is becauſe o, 52 if 
not a true factor nor can there be any one multiplier fixed for this pur - 


poſe, as is proved in prob. 187, yet the ſa factor never can exceed | 


an error of 08, therefore, if you chuſe to work by it, it may ſervs 
with the word nearly. 


Ex. 170, Suppoſe the laſt mentioned fruſtum to be one of a trigonal | 


pyramid (viz, a trigon) whale axis or length p P is 24, a fide of the 


greater baſe 13, and one of the leſſer 8 as before, to find its ſolid 


content. 


Sliding-rule. If you divide 6 by o, 43301 3 (the tabular number for a 


trigon, ſee ex. 107) the ſquare root of the quotient. will be 3,72 & 
conſtant gauge-point for ſuch fruſtums ; then, as 3,72 on D: 24 the 
Whole axis on A : : 21 (twice a fide in the middle) and 13 and 8 (a ſide 
at each end) on D: 3 ſuch numbers on A as being added together gives 
1167,368 for the anſwer. It is to be noted, that o, 433 may ſerve av 
che factor in common ule inſtea q of 0,433013, as is done in this ex- 


ey? 
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41 its [7 
ſubtrad = 4 Product 


337 | 
| 2433 1 tab. number 


145, 921 
8 =x axis 
1167, 368 ſolidity 
Ex. 171. If each fide of the greater baſe of the fruſtum of a hexa · 
gonal pyramid be 13, each fide of the leſſer baſe 8, and length 24, 
what's the ſolidity ? 


By rule 41. 
o, 52 multiplier 112,36 [7 mean fide 
5 difference 2.598 tabular number 
2,60 product 391,91 128 product ; 
add 8 4 fide leſſer baſe 24 axis 
10,6 mean ſide | 7005, 86972 ſolidity nearly] 
112.36 us U 


© Sliding-rule. By rule 41. As 0,62 (ſquare root of o, 3849, ſee ex. 
107) onD: 240nA:: 10,6 (ſee ex. 68) on D: 5005+ on A, tho 
anſwer nearly. 


' Otherwiſe, as in the lx. If you divide 6 by 2.5984, the tabu- 
lar number for an hexagon, the quote will be 2,309, whofe ſquare 
root is 1,518, a conſtant gauge point for ſuch fruſtums. Then, as 
1,5 18 on D: 24 on A:: 21 and 13 and 8 on D: three ſuch numbers 
on A as being added together gives 7004, 208, (ſee ex. 68) the ſolidity. 

Note. Any of theſe 3 examples foregoing, may be wrought by the 
pen, by any, or all of the 5 foregoing rules laſt laid down. 

Ex. 172. If there be a fruſtum of a rectangular pyramid, whoſe 
length is 15, breadth at the greater end 2, depth there 1,4. breadth 
ﬆ the leſſer end 1, and depth there 0,7, to find its ſolid content? 


Note. This ex. is the ſame with ex. 154, where the content is found 
= 23,625. But here the true content is found = 24,5 ; hence in ex. 
154, the breadth and depth (in r;zafuring hewn tapering timber 
the uſual way) ſhould not be taken in the middle, but ſomething nearer 
the greater baſe, if you would come near the true content. 


res 


AND MECHANIC. 


By rule 42. 2 
1 breadth 2 258 area at greater baſe 
7 depth 1,4 1,4 ſquare root 
* ä area at leſs baſe 
57 areas 2,8 — 
2.8 | 4, 9 ſum 
— = 1 length 
1 ( 1,4 ſquare root 22:5 lolidity 
— | 96 | 
T By rule 4 | 
2} wn 1 8 ks „ ding-rule. If you take 4 times 
ſſer baſe the area in the middle and the area 
6,3 = 4 times area middle at each end in one ſum, the ſex 
9750 tum on the rule will be eaſy, Thus, 
2,5 = 8 length 


as 6 on A: 15 on B:: 9,8 on 
A: 24,5 on B the anſwer. 

Otherwiſe. Find 3 mean proportionals, one between 1 and 0,7, one 
between 2 and 14, and one between 2. 1 and 3, (the ſum of the two 
breadths 1 and 2, and the two depths 0,7 and 1,4 which anſwers to 
twice a {ide of a ſquare in the middle) then it will be as 1 on D: 2,5 a 


ſixth of the length on A: : theſe 3 mean proportionals on D: 3 ſuch 


24,50 ſolidity 


numbers on A as taken in one ſum gives the content. 


Ex. 173. If there be a fruſtum A B EF (hg. 127) of a cone whofe 


length Dy is 24, diameter A B I and EF =8, at the two baſes, 
to ſind the ſolidity. 


Firſt, by rule 40. Secondly, by rule 41. 
18 A2 12 252 
8=—=EF= 8 0 5 | 
104 5 their difference 2,60 
add 8,33 3)25 its ſquare add 8, = EF 
112,33 8,33 diff. 10,6 6 
7854 mul, | 10.6 . mean diam. 
8 223982 112, 36 its ſquare 
its 24 length mult. 7854 
217,375 58 the content, 88,247544 
. 24 


2117941054 content 
Sliding-rule, by rule 43. Here 6 + ,7854 = 7,639 whoſe- ſquare 


root is 2,76, a conſtant gauge point, conical fruſtum, ſo as 2,76 on D 
:240nA:: 8 and 13 and 21 on D: 201,26 and 532,9 and 1383, 2 
en A whoſe ſum i is the anſwer viz. 2117,36. 
Sliding-rule, by rule 41. As 1,128 on D: 24 on A:; 10, 6 on 
e mean diameter: 2117,9 on A the content nearly. 
1 * | 
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Ex. 174. Let there be a fruſtum of a cog whoſe length is 18, and 
the periphery at the Lade aer & baſe 92 J whats the ſolidity? 


2,72 per. mid. twice 
7,3984 = ſquare 


by rule 43. Rig map by rule 4 
* * If you divide 6 # ,07958 the quo- 
92 5 n ten is 7.589, whole ſq. root is near 


8,7, a conſtant gauge point for coni- 
cal fruſtums, when the peripheries 
of the baſes are uſed; ſo, as 8,7 on 


2 . 1,8 D: 18 on A: : 2.72 and 1,8 and 
8464 f. 92 ,c2on D to 3 ſuch numbers on A. 
11,4848 ſum as being added together gives 2,4 

mult. . 07958 * wer, * ex. A the ſame 
with ex. 158, where the content 
291 (3960384 =} length the falſe way is but 2,08. 


2,741881152 ſolidity 
To find the ſolidity of any priſmoid, or of any cylinderoid, 

Rule 44. To tuice the length of the greater baſe, add the length of 
the leſſer baſe, multiply that ſum by the breadth of the greater bale; 
alſo, to twice the length of the leſſer baſe, add the length of the great 
er baſe, multiply that ſum by the breadth. of the leſſer baſe, now the 
ſum of theſe two products multiplied by 0,785 4 and then by a ſocth of 
the L length gives the ſolid content, Theorem 139. 

Note. Length and hreadth of the baſes here means theſe rwo thing 

which multiphed together and then by any factor, will giye the areas 
of the baſes. Hence, if either baſe he a ſquare, ora rectangle you need 
not multiply by ,78 54w" 
'* Ex. 175. If there be a cylinderoid whoſe length is 20, with two pa- 
rallel, and clliptical unlike baſes, the tranſverſe diameter of the greater 
baſe 1.3, conjugate 8, tranſverſe diameter of the leſſer baſe 10, and it 
conjugate 5,2, what is its ſolidity ? 


4 _ on B: 1 of 20 3,33 on A: 1209, 2 on B. See ex. 82) 


13 12 „78564 factor 
2 2 mult. 450, 6 ſum 
26 2 360,96984 
10 13 20 = long 
36 33 6)7219,39680 
— : 2 1203. 2328 ſolidity 
288 14t prod. 17 1, 6 Sliding- rule. The fun ofthe'2 afore- 
„ 6 2d prod. ſaid products 459, 6 being had he 
459,6 ſum ſet is eaſy, Thus, as 1,2743 on 


P 
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kx. 176. Let A d CD (fig. 169) be a priſttivid whoſe height c f 
is 20, the greater baſe ABC D a ſq. each fide whereof is 13, the leſ- 
ſer baſe ab cd, a rectangle, whoſe length is 12 and breadth 5, what's 
the ſolidity ? 
Note. When the baſts are ſloping as in this fig, the L length of the 
folid will fall from a corner, or ſide of one baſe upon the plane of the 
other baſe produced, and if the baſes are not parallel, it mult be meaſur- 


ed at twice, by meafuring a hoof &c. from one of the baſes, to make 
them parallel, fo that the figure may be a prifinoid &c. 


26 = twice AD 2 = twice d a 679 ſum product 
12 0 13=DC _. - 4 "WW 6E 
38 ſum 37 ſum 6013580 
13=DC 5 =de —— 
494 ürſt product 185 ſecond prod, 2263 3 ſolidity 
494 = firlt product 
679 tum 


Sliding-rule. As 6 on A: 679 0nB : : 20 o A : 2263,3 on B the 
auſwer. See the laſt. ; 


To find the ſolidity of a hoof, ofa cone or pyramid. 
Rule 45. For the greater of two elliptic hoofs, from the ſquare of 
the diameter of the hoofs baſe, rake the ſquare root of the product of 
the two diameters, multiply the remainder, by the leſs diam. of the hoofs 
baſe and its height, and o, 2618 into one another, the laſt product di- 
vided by the difference between the two diameters, gives the ſolid 
content. But for the leſſer hoof, multiply the ſquare root of the pro- 
duct of the two diameters, by the greater diameter, from that product 
take the ſquare of the diameter ot the hoofs baſe, multiply the remain- 
der, the diameter of the hoof's baſe, and its height, and 0,2618 into 
one another, the laſt product divided by the difference between che 
two diameters, gives the ſolidity. Theorem 116. 


Ex. 177, and 178. Required the ſolidities of the twoelliptical hoofg 
Sn (fig. 136) and TS m, the heights being SR = 24, diameters ' 
Tn Sg 13, and 8 mg 8. 


rt, For the greater hoof T'S n. 2d, For the leffer hoof T 8 fl. 


*% 


. rn 10, 198 = ſqua od. 8 and 13 
ar 8 =8m a _— 
z on l 104 product 132,574 product 


— 
——— ́-— Ä EE Cs 
4 m_ 
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10, 198 ſquare of 104 132,574 product 
8 28m 64. S ſquare 8 m 


81,584 68,574 
ſubtract 169 ſquare of 13 multiply 8 8 m 
85,416 48,592 
multiply 13 2 Tun multiply 24 =SR 
1136, 408 N 13 166, 208 
multiply 24 =SR multiply 2618 
27273.792 ;  $)3446,75+ 
multiply 2618 — — 
$)7140,1+ 689.35+ 


1428,02 + ſolidity gr. hoof 
The ſliding rule requires ſo many mean proportionals (ſee ex. 82.) 
that it is eaſier by the pen. x 
Note. The dimenſions here are alſo thoſe in ex. 173, where the 
fruſtum is found 2117,37, and here 


N reater : 1428,02 Þ+ - 
4 Wes Ker 5 hoof is 3 689.35 + 


5 proof, ſum 2117,37 + 


Ex. 179, and 180. If Tmsn (fig. 136) be the fruſtum of a ſquare 
pyramid whoſe height SR is 24, a fide T n of the greater baſe 13, and 
a lide s m of the leſſer baſe 8, the ſolidities of the two hoofs TS n and 
TS m, may be found (by theorem 115) thus, to 26 (twice 13) add 
8, multiply the ſum 34 by 13, and the product 442, multiplied by 4 
(a 6th of 24) gives 1768 the ſolidity of the greater hoof. Alſo, to 16 
(twice 8) add 13, multiply 29 that ſum by 8 and 232 that product 
multiplied by 4 (a 6th e 928 for the ſolidity of the leſſer 
hoof, by comparing this with eu 69 you'll find theſe two hoofs to 
make juſt 2696, the whole fruſtum. 


Sliding- rule. 1. As 24 the length on A: 6 on B:: 1 on A: 0, 25 
on B. (See ex. 106) Then, As 25 on A: 13 on B:: 26 (twice 13) 
and 8 on A: 13,53 and 4, 15 on B whoſe ſum is 17,68. And, as 2; 
on A: 8 on B:: 16 (twice 8) and 13 on A: 5, 12 and 4, 16, whoſe 
ſum is 9,28, each of theſe multiplied by 100, becauſe we uſed the di- 
viſor 25 inſtead of o, 25 (See ex. 68) gives 1768 and 928, for the two 
hoofs as before, The parabolic and hyperbolic hoofs may be had by 
theorems 117 Wd 118, or any hoof nearly by rule 43. But as hoots 
are of little uſe in practice except the elliptic ones in finding the drip of 
a tun &c, I think theſe ſufficient, 


To find the ſolidity of any of the five regular bodies. 


— 


L A 
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Theſe bodies being made up of pyramids whoſe vertexes all meet 
in the center of the body, it is but finding the ſolidity of one of their 
pyramids (they being in each body equal) and multiplying it by the 
number of pyramids which compole the body, ſo have you its ſolidity, 
and thus are the ſolidities got in the table. (ex. 131) whoſe uſe is 


Rule 46. (by theorem 37) Multiply the cube of the fide and the ta- 
bular ſolidity belonging the body, the one into the other ſo you have 
the ſolidity. 

Ex. 18 1. If each ſide of a dodecaedron be 20, what's its ſolidity? 

7,66312 tab. number Sliding-rule. 1ſt, 7,664-turned to a di- 

8000 cube fide viſor is o, 1305, whoſe ſquare root n 
51304700 ſolidity o, 36; then, as 36 on D: 20 on A: 
20 n D: 6, 13 on à, ſo (by ex. 68) 61300 is the anſwer, &c. for 
any other of theſe bodies, 


To find the ſolid content of any globe or ſphere. 


Rule 47. As 1: 0,5236 :: 21 : 11 (nearly) ſo is the cube of any 
globe's axis to the globe's hdi, theorem 93, or multiply the circum- 
ference and ſquare of the axis, one by the other, a 6th part of that 
product is the ſolidity. Theorem 134. 


Ex, 183. If AP the axis of a globe (fig. 170) be 20, what is the 
folidity ? 


5236 conſtant factor Sliding-rule. As 1,382. (the ſquars 
8000 cube of axis root of Y on D: 2000 A: : 20 on 
7188, 8 ſolidity D (ſee ex. 68): 4188, 8 on A the anſwer. 


To find the ſolidity of any ſegment of a globe. 


Rule 48. From three times the axis of the whole globe, take twice 
the ſegments height, multiply the remainder, the ſquare of the ſegments 
height, and o. 5236 into one another, the laſt product is the ſolidity, 
this is when the ſegments height and axis of the globe are given, but 
when the ſegments height and diameter of its baſe are given; then, to 
three times the ſquare of the half diameter of the ſegments baſe, add 
the ſquare of its height, multiply that ſum, and the ſaid height and 
©0,5236 into one another, the laſt product is the ſolidity. Theo. 93. 


Ex. 183. Let K PL (fig. 170) be the ſegmeng of a globe, whoſe 
height P D is 4, and K L the diameter of its baſe 16, or A P the 
globe's axis 20, to find the ſolidity. 
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1ſt, When K Land DP are given. 2dly, when AP and PD are given. 


S8 2 KDS LD | 20 S axis PA 
'64 the ſquare of it _— 
o | 60 | 
192 3 times that ſquare fub. 8 = 2 DP 
add 16 be- of PD 72 
208 16 = ſquare DP 
4 = PD oY 832 8 
832 | 5236 factor 
— — 735•6352 Tolidity 


435, 6352 lolidity 
Sliding-rule. As 1,382 on D: 4 on A:: 8 and 4 on D: 134,04 


and 33,51 on A; fo 3 times 13404 = 402, 12 added to 33,51 gives 
435,63+ the anſwer, (ſee ex. 91) by wnich it will be eaſy to ſet the 
ſecond operation alſo. 

To find the ſolidity of a fruſtum, or middle zone of a globe. 

Rule 49. To twice the ſquare of the axis or greateſt diameter, add 
the ſquare of the leaſt diameter, multiply that ſum, and the length of 
the zone, and o, 2618 into one another, the laſt product is the ſolidity. 
Theorem 91. 

Ex. 184. Required the ſolidity of the half zone HK K (fig. 170) 
Whoſe length C Dis 6, diameters H I 20, and K L 16. 


20 Hl Sliding - rule. Firſt, o, 2618 turned 
400 its ſquare to a diviſor, and then the ſquare 
2 root taken is 1,954; ſo, as 1,954 


— 


— 800 twice ſquare H on D: 6 on A:: 28,2 (220) 
add 256 ſquare K L and 16 on D: two ſuch numbers 


1056 on A, as being added together 
2618 factor 48 gives 1658,76 the anſwer, 
276, 4608 Note. The ſame rule ſerves for 
| 6 =CD the fruſtum or middle zone of 2 
1658776458  lolidity ſpheroid. 


If the ſolid be leſs than a half zone as the part K Ln m. (fig. 170) 
Then, 

Rule 50. To half the ſum of the ſquares of the two diameters, add 
® to the ſquare of the height, that ſum multiplied by the height, and 
by 0,7854 gives the ſolidity. (by theo. 141) But if it be the like part 
of a ſpheroid, you maſt multiply the ſaid 4 of the ſquare of the height 
by the ſquare of the ſpheroids greateſt e, and divide that by 
the ſquare of the ſpheroids axis, and then add the quotient and work 
as before, Theorem 141, 
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Ex. 185. Suppoſe fig. 170 to be a ſpheroid whoſe axis AP is 30, 
preateſt diameter H I 20, K L. the greateſt diameter of the part K Lm 
to 


be meaſured 16, leaſt diameter a m 1c, and height DE A. to find 
the ſolidity, of K Lum. 


256 ſquare K L 1 ſquare DG 
100 ſquare nm 
47356 „ 
175 half ſum mult. 400 ſquare 20 
add 4.74 9%) 12800 yoo e ſquare 30 
182,74 314222 
2 4 =DE = 4.74 =} ſquare 4 multi- 
730,96 product ply . 20, and divide ſquare 30. 
730, 96 product b 
22874 factor 


574095984 lolidity 
The pen is cafier for this example than the ſliding - rule. 
Ex. 186. If fig: 170, be a globe, and the ſolidity of the part K Lm, 
be required, K L, am and D E, being as m the laſt example Then, 
178 ſum ſquares K and am 


754-64 product 
add 10, 66 + =3 + ſquare DE :7854 facto Eau , 
188,66 522,69 ſoliditx 
3 4 =DE Sliding-rule. As 1,128 (ſee ex. 164) 
75464 product 


on D: 4 on A:: 16 and 10 and 4 on 
D: 3 ſuch numbers on A, that if to the ſum of the two ſirſt you add 


? the laſt, that ſum will be 592,69 the anſwer. See ex. 91. 
To find the ſolidity of any ſpheroid, right or oblate. 

Rule 51. Multiply the axis, the fquare of the greateſt diameter, 
and 0,5 236 into one another, the laſt product is the ſolidity. Theo 92. 

Ex, 187, and 188. If the axis of a right ſpheroid be 30, and diam- 
eter of its greateſt circle 20, or the axis of an oblate ſpheraid 20, and 
diameter of its greateſt circle 30, what's the ſolidity of each. 
Iſt, For the right ſpheroid. 2d, For the oblate ſpherod. [ 

460 = I diameter 900 I diameter 


3 30 = axis 2 20 = axis | 
12000. 18000, 
5236 factor 5236 factor 


6283, 2000 ſolidity 94248000 lolidity, 
Sliding-rule. (See ex. 182) 2. As 1,382 on D: 30.0 A: : 20 00 


D. 6283, 2 on B the right ſpheroid. 2. As 1, 382 on D: 20 0 A 
30 on P: 942458 on A the ſolid content. 
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To find the ſolidity of any ſpheroidical ſegment. 
Rule 52. With the axis of the ſpheroid, and height of the ſe gment, 
find the ſolidity exactly by rule 48, then it will be as the ſquare of the 
ſaid axis is to the ſeg ment thus fouad, ſo is the ſquare of the ſpheroids 
greateſt diameter to the ſolidity required. Theo. 90. 


Ex. 189. Suppoſe K LP (fig. 170) to be the ſegment of a ſpheroid, 
(either right or oblate) wherein PD g 4, DL=16, AP =20, as in 
ex. 183 and let H I the greateſt diameter of the ſpheroid be 15, what 
is the ſolidity. 1. By Ex. 183 the ſolidity of the ſegment, if it were 
the ſegment of a globe, is found g 435,6; then as 400 (Q 20) is to 
435,6 ſo is 225 (O 15) to 245, the ſolidity fought. By the ſliding- 
rule. As the axis 200n D: 435, 6 on A : : 15 the greateſt diameter 
on D: 245 on A the anſwer. The middle zone of a ſpheroid is had 
exactly by rule 49. 


Ex. 190. Let the ſame things be given as in ex. 184, then by the 
ſliding- rule. As 1,954 on D: the height Gon A: : the two dia meters 
20 and 16 on D: two ſuch numbers on A; that if to twice the firſt 
you add the ſecond, the ſum will be 1658,75 the anſwer, and is a 
better way then that, by the ſliding - rule to ex. 184, for a part of this 
Zone. See Ex, 185. 


To find the ſolidity of a parabolic conoid. 
Rule 53. Multiply the area of the baſe by half the axis. Theo 87, 


Ex. 191. If Eu F (fig. 139) be a parabolic conoid, whoſe axis u 
is 60, and E F the diameter of its baſe 40, what's the ſolidity ? 


40 =EF Sliding-rule, 
1600 = E F As 1,59 (the ſq. root of one 
| 30 U divided by half, 7854) on D: 60 
48000 on A :: 4,0 on D (See ex. 63) 
7854 factor : 37699 on A, ſo 37699 is the 
37699,2 folidiry x anſwer, 


To find the ſolidity of a parabolic convid's fruſtum. 


Rule 54. To the ſquare of the greateſt diameter, add the ſquare of 
the leaſt, multiply that ſum and the conoid's fruſtum's height, and 
o, 3927 into one another. Theorem 102. 


Ex. 192. If EF TS (fig. 139) be the fruſtum, whoſe height IP is 
38,4 diameters E F 30, and 8 J 24, what's the ſolidity? 


* 
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1600 =EF Sliding - rule. 
— sT As 1,595 (the ſq. root of „ud 
22176 ' onD: 38,4 on A:: (See ex 68) 
mult. 38.4 = IP 40 and 24 aa D: 24127 and 8686 
33558,4 on A whoſe ſum is 32813 the au, 
3927 factor | * | 


32813,38368 ſolidity 
| To find the ſolidity of a parabolic ſpindle. | 
Rule 55. Every parabolic ſpindle being I of its circumſcribing 
cylinder, multiply 0,41888 (viz. ++ of o, 785 4) and the axis, and the 
ſquare of the greateſt diameter, intoone another and the laſt product 
is the ſolid content. Theorem 101. 


Ex, 193. ItQVQ y (fig. 140) be a parabolic ſpindle, whoſe length 
QQ.s 60, and V v the diameter of the greateſt circle 30, what's the 


ſolidity ? 3 | 
1600 ſquare Vy Sliding-rule As 1,545 (the ſquare root of 
mult. 60 axis Q I + 0.41888) on D: 60 on At. 4,0 
596000 cn D (lee ex. 68.) : 402, 1248 on A, 
41889 factor ſo 40212, 48 is the auſwer. 


40212, 48 ſolidity | 
To find the ſolidity of the fruſtum of a parabolic ſpindle. 
Rule 56. To twice the ſquare of the greateſt diameter, add the . 
of the leaſt diameter, from that ſum take +4 of the ſquare of their dif- 
ference, multiply the remainder and the length, and 0,2618 into one 
another, the laſt product is the ſolidity. Theo. 100. 


Ex. 194. If M Mmm (fig. 140) be the middle zone of a parabolic 
ſpindle, whoſe length n n is 40, greateſt diameter V'y 32, and leaſt 
diameter Mm = 24, what is its ſolidity ? 


| 322Vy 32Vv 2624 ſum | 
1024 ſquare Vy 24Mm ſub. 2 =0,41q. differ, 
| 2 8 difference 2598,4 
| 2048 tw. that ſq. 64 ſquare diff. 
add 576 ſquare M m ©,4 103936,0 EE 
"2624 un 23235675 79. diff, _ $192. lor inverted 
f * 5 207872 
| | 62361 
1039 
832 
$ 27210 lalidity 


2 1 


—— ß — — — — — ———— 


1 $6 THE UNIVERSAL MEASURER 


Sliding-rule. As 1.974 on D: 40 0 Art 32 and 23 and 8 on D; 
10723,3 and 6031,9 and 670, 2 on A reſpettidely, fo twice 10523, 3 
= 21446,6 added to 603 1,9 gives 27478. 5 from Which take 25 of 
670, 2 = 268,08, and there leaves 272 10, 42 the ſolidity. 


Ex. 195. Let it be required to find the content of the [aft mentioned 
fruſtum by rule 43 ; in order to do this we mult have a diameter in the 
middle between V v and M m, which by theo. 65; of by menſuration, 
is found = 30 becauſe rule 43 is general for all ſolids, from that rule 
may be deduced this general olle for ineaſtiring any ſolid by the ſliding - 
n 1024 S ſquare V 32 

3900 = ſquare twice 30 
576 = {ſquare M m 24 


J 5200 ſum 
1 4 +1309 = one tixth of 0,7855 
| 3 5806,88 
if . un 


272272 ſolidity go 
27210. 4 the true ſolidity 
16,8 difference | 


Rule 57. As 2,764 the ſquare root of 6 +- 785 is to the height or 
length on A fo is a diameter taken at each end and one in the middle, 
on B, to 3 ſuch numbers on A, that their ſum is the anſwer. Or if tor 
the diameters you take the peripheries, then the gauge point is 8,7 (Sce 
EX. 174) to be uſed with the peripheries as 2,764 is with the diam, 

Ex. 196. Let ex. 183 be wrought by rule 43; where a diameter 
mu taken in the middle between D and P is 9g, height D P 4, greatelt 

| Karieter K L 12, lealt diameter at P . | 
144 = ſquare K L 12 Sliding- rule. By rule 57. As 2,764 
324 = {q. twice wm on D: 4 on A:: 12 and 18 (twice 
O =1q; diameter PO on P: 43,04 and 170 bn A whole 
468,0 ſum 7 | Fin is 245,04, the {ame as turns out 


mnverted 1d by the particular rule ex: 183, which 
— N Bay rule 43, will alſo give the true ſolid- 


1 7680 | ity of any ofthe ſolids in this fection 
4094 except Ex: 177, 178, and i 4; and 
* | in theſe the error would be le s than 

3 what might ariſe from gueſſing at the 

— -- - © form of the ſolid ; for in the laſt you 

4 =D ſee the error is but 16,8 in ſo greata 

235,04 Todlidity number as 27227, 2, Ijudge it need- 


Þb to ie ay rules Ge. for the cixcular and clliprical pads, the 
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ſecond ſegments, ſlices, &c. which may be eaſily done from their re? 


ſpective theorems, if curioſity require it, practice will not call for any 
ſuch difficulties, if what is ſaid of rule 43 be abſerred. 


EEE SITES $4 td dd NC 
SECTION VII. Of Survying. | 


What is here meant by ſurveying, is the meaſuring, plotting map- 
ping or protracting, and diyiding of ground, and iſ what goes before be 
underſtood this will he eaſy ; for in prob. 129 the chain and othex in- 
ſtruments for this purpoſe are deferibed and applied to practice. Alſo, 
land being always computed by ſuperficial meaſure, you have that dons 
already in ſect. 4; where beſides the general method rule 25, you 
have general rules for all the uſeful forms of figures particularly ex- 
emplified, fo that let a field he in what form it will, its content may be 
had by ſome of theſe rules. In this ſection I ſhall give ſuch examples 
wrought by the ſaid rules, as are malt yleful in ſurveying, and be more 
tedious in mapping dividing &c. 

8 A Table of Long Meaſure. 
| ___| Link | Foot | Yard | Perch | Chain | Miles! 
f Inches | 7,92 | 12 | 36 | t98 | 792 | 63360 
+ Links | 1,515 | ; 428 | 8000 
h |. Feet | 3 [16.65 7280 
— "| Yags ("5,5 4 22 | 5 


—|Perches| 4 | 320 


Iba 80 
That is, 36 inches, or 4,56 ligks, or 3 ſeet. make 1 yard; alſo, 


792 inches = 108 links = 69 feet = 22 yards 2 4 perches, each = 
1 chain, &c. Chains and links are ſet down and wrought in chains and 
decimal parts of a chain. dee prob. 129, deff. 21. 


Examples in Long Meaſure. 
Ex. 197. In 15 chains 25 liaks, how many feet ? 


25 LY 
* 66 feet in one chain 


| "*195%,50 feet anſwer | 
Ex. 198. In 29 chains how many feet ö 
8 


1914 lee, anfyer 


* Fun 2aenby oo Sc rr 
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Ex. 205. In 152 ſquare links, how many ſq, parts of an acre? 
0152 acres, or rather parts of an acre anſwer. 


Ex. 206. In 1278642 ſquare links, are 12,78642 acres. 


Note. Square links are turned into ſquare chains, by pricking off 4 
places towards the right hand for decimals, or ſquare links, and the 
reſt are ſquzre chains; alſo ſquare chains are turned into ſquare links 
by annexing four cyphers, and acres into ſquare links by annexing 5 
cyphers, or ſquare links into acres by the contrary viz. pricking off 5 
decimals, and ſquare chains into acres by pricking off one decimal, or 
removing the decimal point a place nearer to the left hand, &c. fo, 


Ex, 207, In 2560276 ſquare links, or 256,0276 ſquare chains, 
are 25,60276 acres &c. 


Ex. 208. In 20 acres, how many ſquare yards? 
4840 ſquare yards in an acre 
20 


anſwer 96800 yards 


Ex. 209. 99220 ſquare yards, how many acres ? 
4840) 99220 ( 20,5 acres anſwer 


Ex. 210. In 358,75 ſquare chains, how many acres ? 


| 353,75 chains 
acres 35,875 
: 4 = roods in one acre 
roods 3,500 


40 poles in one rood 
roods, poles or perches 20,000 


Ex. 211. In 9,9 ſquare chains, or in 0,99 acres, how many roods 
and perches ? 


38,40 poles 
Ex. 212. In 172 ſtatute acres, how many cuſtomary acres of 6 
yards to the pole. As 144 (ſq. 12 the + yards in 6 yards) is to 172 
ſois 121 (fd. 11, the 4 yards in a ſtatute pole) to 144, ri acres 


. 
TT De ——— 
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D; IS 1 
"4 roods in gne gere 


144 ) 394 {2 roads 


n 
— poles in my acre 


144 )640{ 4 pole 
576 


54 | 
Anſwer tag ute # 2 thods 4 454 poles, at 18 fant or 6 yards to the 
are = tO 172 acres ſtatute at 5+ yards per pole. 

Note. Some land meaſurers, work altogether by acres roods and 
perches, but it is readieſt to work decimally, and to ſet down chains 
and links as a mixed decimal number (vide def. 21, problem z 29.) as 
you'll find done in this ſection. 

The two foregoing tables and theſe examples, reſpect the ſtatute 
pole, of 5+ yards in length. But in ſeyeralparts of England there are 
poles of different lengths; called cuſtomary, fome 18, ſome 21, ſome 
24, &c. yards in length; but in all places 4 roods make an acre, 
and 4o ſquare poles a rood, ſo that the difference is in the pole only; 
now to reduce one of theſe meaſures to the other, obſerve this general 

Rule 58. Asthe ſquare of the feet in a cuſtomary acre is to any num- 
ber of ſtatute acres ſo is the lquare feet in a ſtature pole to the cuſtom- 
ary acres, as by ex. 212. | 

In Ireland 7 yards in length i is their ſtatute pole or perch, in ſome 
places the inhabitants know not the length of their pole, but ſay that ſo 
many gallons of oats will ſuffice one of their acres for ſeed. Now in 
many places it is reckoned that 60 gallons of oats will ſow @ ſtatute, 
or plantation acre. Therefore, it will be as 60 gallons it to 121 (the 
ſquare of 11, the 3 yards in a {fatute pole) ſo is the number of gallons 
that ſow a cuſtomary acre, to the fquare of the 4 yards in that cuſto- 


mary pole, as by the laſt rule. 


Ex. 213. If 97 gallons of oats be ſufficient for ſowing ſome cuſto- 
mary acre, how many yards are tothe pole of length in that acre ? 


gall. [7 yards gall. 
I 60 — 121 — 97? 
\.c OT 1 
6) 1473]7 __ 
| Nene — Whoſe fquare root is 14, 


gearly, the half yards required 


co 
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Ex. 214. If 120 gallons ſow an acre, how man 6. 
ia lengtli in that ac f?? ny yards the pole 


If 60 — 121 — 120? 
120 | 


60) 1452]0 
242 ( 15,5 = 4 yards Anfwer 
1 


B5 )142 
125 
305) 1700 
1529 
195 remains 


Ex. 215. What proportion doth an Engliſh ſtatute acre, bear to an 
Iſh ſtatute one? Firſt the half yards in an Engliſh pole are 11 whoſe 
ſquare is 121, and in an Iriſh pole are 14 half yards, whoſe ſquare is 
196; therefore, As 121 : 196 : : an Engliſh to an Iriſh acre, which in 
nearly as 11 to 17. 


| Ex; 216. In $2464 cuſtomary acres at 6 yards to the pole, how 
many ftatime &cres ? 


Firſt, (7 5,5 = 30, 25 yards, Second, U 6 = 36 yards. 
Then, If 36,23 — 36 — 52,04 _ 
52:04 
30,25 ) 1873,64 (61,9 + anſwer, by rule 58 


Theſe are the principle examples in reduction of land meaſure, if 
any other caſe is wanted, it may alſo be done from the two foregoing 


tables 
Of meaſuring Land. 5 
Ex. 217. If the fide of a ſquare field, be 7 chains 60 links, what 
acres roods and perches are contained in that field? 


Ex. 218. In a long ſquare piece of ground 10 ch. 75 links long, ani 
2 Chains broad, how many acres roods and perctics ? 


„ 


. — wâ , ee, SECS 
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21 (217) (218) 
1 ot by rule y pages by rule 8 
57,76 ſquare chains 21,50 ſquare chains 
5,776 acres 2,15 acres 
| 1 
3.104 rgods | ,60 roods 
40 | 40 
4. 160 perches | 234, o0 perches 
anſ. 5 acres 3 roods 4,16 perches anl. 2 acres 24 perches 


Note. When chains and links are multiplied together, if you cut 4 
figures off towards the right hand, they will be ſquare links or decimal 
parts of a chain, but 5 figures pricked off are acres anddecimal parts 
of an acre. 


10 Ex. 219. If a field in form of a rhomboides, length 2 chains 1 link, 
If perpendicular breadth go links, how many acres, roods, and perches ? 


1 © Fx. 220. Ina triangular field whoſe baſe is 7 ch. 10 links, perpen- 
8 dicular 2 ch. 30 links, how many acres, roods and perches ? 


| | (219) ; (226) 
14 2,1 Fc —half 31 
| 11 $ by mie 9 _ J 5 by rule 10 
189 acres 58165 acres 
| 2 4 2 | 
, 756 roods 3,266 roods 
4 © _ 2 40 
30, 240 10,64 perches 
Anſwer, o A. o R. 30,24 P. Anſwer, o A. 3 R. 10, 64 P. 


Ex. 221. In a trapezia, whoſe diagonal is 28 ch. 20 links, perpen- 
diculars 10 ch. 50 links, and 8 ch. how many acres, roods, &c, ? 


10,5 by rule 12. 
+8 


18,5 ſum of the perpendiculars 
14,1 = half the diagonal 
26,085 acres 
Tor 
340 roods 
40 1 
13, 600 perches 
Anſwer, 26 A. o R. 13,6 P. 
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Fx. 222. In  trapezia with 2 patallel ſides 3402 links and 4005 l. 


and the perpendicular diſtance between them 2500 links, and the other 
two ſides 3400 links and 2800 links, How many acres, &.? 


Firſt way. . Second Way. 
40,08 2 | 
"IR 0 0 f wo ns es. ad oth er two ſides 
2) 72,19 lum, (by theo. 26) 262 ſum 
36,05 half ſum 31 balf ſum 
25 perpendicular mul. 36,05 half ſu:m of die ſides 
35,125 true area , 111,755 falſe area 
1 ſubtract $88,125 true area 
23,620 error 


Some Surveyors; do no more with 4 ſided fields but multiply by half 
the ſum of two oppoſite ſides, by half the ſtim of the other two oppoſite 
ſides, for the area, which is a groſs error, and always gives the 

content too much, as appears by the laſt example wrotight both ways, 
and ſhews that the error in 88 acres is 23 acres, the true way is totake 
a * . and two I, or if any two of the 4 ſides be parallel, it is 
equally true, (by theo. 26) if you multiply half the ſum of theſe two 
parallel ſides by their I. diſtance aſunder, as per laſt ex. | 0 


Ex. 223. If the diameter of a circle be 20, oa yards, required its 
area in acres roods and perches. Here, you may find the content in 
ſquare yards; and then reduce it to acres &c. or you may turn the 
diameter from yards to chains and links, thus. As 22 yards is to f 
chain or 100 links ſo is any number of yards to the chains and links 
anſwering, then find the area by rule 15. See both ways. 


Firſt, _— "ds di | 4840)314-79(0 acres 


20,02 2 4 bs 
— — —— — —ä— : 
400,8004 its ſquare 4840) 1259, 1600 roods 
7854 faot . 40 


314,78863416 area in yards 4840) 50366, 40010, 406 perche, 1 


Here, becauſe 314,9 is nearly = 314,78863416 the areain yards, | 
L iſe 314, 79 inſtead thereof. 


9.8 1 F K | | | 
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a Secondly, If 22 — - 100 — 20,02 


- 


- 
100 


22 ) 2002 
91 diameter in links 


8281 its ſquare 
7854 factor 


6503, 8974 area in links 


65038974 area in chains 
065038974 area in acres 
4 | 
526015 5896 roods 
| 40 
10,406235840 perches 


* 3 224. To meaſure hills, vallies, &c. (fig: 100 meaſure rodnd 
the bottom 2 y of the hill; which ſuppoſe 15,88 chains, and round its 
ſummit or top TD 10,12 chains; then take the length of the longeſt 
ſide 2 D 14,1 chains, and alfo the length y F 10 chains of the ſhorteſt 
ſide, half the ſum ot theſe two ſides is = 12,15 chains for the mean 
length; alſohalfthe ſum of the two peripheries 15,88 and 10,12 1s 
13 chains for the mean periphery ; ; then 12,15 X13 = 157,95 ſquare 
chains = 15,795 acres, the ſuperficial content of the hill, which is true 
if the peripheries were taken parallel to each other, and the hill not 
too rugged ; but if it bevery uneven, you ſhould take more periphertes 
and work by rule 24 or 25. This way will do for ſmall hills, but for 
large ones it is better to meaſure them as Planes, as taught in the ſol- 
lowing examples, 


F 


Note. What's ſaid of hills alſo holds true in vallies, they being but 
as hills ſurveyed in the inſide, but in juſtice the content of a hill or 
valley, ſhould be no more than the plane on which it ſtands, for ſince 
graſs &c. always grows L to the horizon, its evident that if you ſup- 
pole a hill to be raiſed upon any plane, that the fame quantity of graſs 
on the plane, will by ſprouting thro” the ſides of the hill be no ways in- 


creaſed, becauſe growing upright, it will be a ſlope to the ſides of the 
l.. 


Ex. 225. Let ABCD (fig. 171) be ſome piece of bending ground 
whole content is required, Firlt, meaſure along its middle E F, taking 
breadths at right angles thereunto as you go on, and ſuppoſe the dimen- 


_fions to be as ſet down in the ſigure: (ſee deff. 30, prob. 129.) 


* 
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number of breadths breadths . 
| I : I 2 2 
2 2,2 
3 | 3,08 
4 | 4,02 


divide by num. breadths = 4) 10, 50 fam 


See rule 24 2,625 mid. breadth 
multiply 16, = EF 


— k1— 


| area in acres = 4,386375 1 
Note. In ſuch ſigures as this, where the ends ſlope, &c. ſuch ends 
muſt not be taken for breadths, becauſe they are not ſquare to the 
lengths F F, in ſuch caſes the breadths at ends muſt be taken within 
the ends as you ſee from B and D, for the length E F, if it be taken in 
the middle, it gives the true mean length, however the ends ſlope, pro- 
vided they be ſtreight. This method in ſuch forms holds pretty true, 
and is much eaſier than to divide ſuch figures in trapezia's, As, &e, 
See ex. 119. | 


Thele examples may ſuſfice on this head, the next is to take the 
plans &c. of fields. 


To take the plan of any field by the plane table. 
Ex. 226. Let it be required to take the true form of the field 
ABDEFG, (fig. 112) upon paper. 
1. Cauſe marks or ſtaffs to be ſer up at every L or corner of the 
field, as at A, B, D, E, F, G, and alſo if there be any place H, in the 


field that you would have in your map, cauſe a ſtick to be ſet up there 
at H alſo. 


* 


2. Chuſe any point C, in the field, from whence you can eſpy all | 


the marks ſo ſet up, there place your inſtrument parallel to the hoxizon, 
with a ſtreight ruler, or index moveable upon its center, under which 
index, upon the table muſt be faſtened a ſheet of white paper, then 
thro” the ſights upon the index, or along its ſtreight edge, eſpy every 
mark one by one, and meaſure the diſtance between the center at C, of 
your table and each mark, and from a diagonal ſcale from C, alongthe 
edge of the ruler pointing to the ſaid mark, lay this meaſured 
diſtance, this do for every corner in the field, and where the diſtances 
end on your paper as at A, B, D, E, F, G, join with lines, ſo will 
you have a true plan of the field before ever you go out of it, this me- 
thod of taking a plan by the plain table (if the weather is dry ſo as not 

do wet the paper) is as eaſy and expeditious as any, for in a manner, 
you have the map on paper, and the dimenſions all at once; your own 
Judgement will direct you, that ſuch places as H, whether brook, tree, 
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"EY Kc. is not to be joined in with the marks which compole the 
out, or ring hedge A BD E G, and if this hedge b e uch bended 
you mul} take ſo many more marks or take offscts between the prin- 
cipal marks as in ex 236. 


To take the plan of a field by the ſemi-circle, or theodilite, at one 
tation. 

Ex. 227. Required the true map of the field A B DEF, fig. 173. 

1. Having ſet up marks at every angle i in the field, and at all the 
objects you would have in your map, at any point ©, where you can 
ſee all theſe marks, place your inſtrument flat, and ſerew it faſt ſo that 
along the diameter where the degrees begin you may eſpy any one 
the marks, ſuppoſe that at A, then turn the index eſpying every of the 
other marks thro its ſights obſerving what angles are made, or degrees 
cut, by looking at theſe marks (the ſame as in prob. 137) which lex 
be as ſet down in the figure. 


2. Next meaſure the diſtance between C, the center of the inſtru- 
ment and each mark, which let be as ſet down along the lines, C A, 


CB, &c, 
To lay down this plan. 

1. With . chord of 60? d a circ le, on whoſe periphery lay the 
chords of 74 74” , 90?, 629, &c. as per figure, and by theſe chords 2 
the lines CA, CB, CD. * on which from a diagonal ſcale lay 4 C 
378 C, 3,3 C, &c. and where theſe ends as at A, B, P, &c. draw the 
black lines A B. B D, D E, &c. ſo have you a true plan of your ob- 
ſerrations, 


Ex. 233. If you meaſure but one diſtance as C A, and meaſure all 
the hedges A B, B N, DE, &c. it will be the ſame for to lay down the 
plan by theſe dimenſions ; ; firſt lay down all the angles at the center C, 
as bevore, and the line C A, then from the ſame diagonal ſcale tuke the 
line AB, and with one foot in A croſs the line C B in B, join A B, alſo 
with the line B D in your compaſſes and one foot in B, croſs the line 
CD, join B D, and thus go on till all the hedges be laid dawn. 


To take the plan of a field at one (tation by the chain only. 

Ex. 229. This is the ſame as before, only you take all the Ls at C, 
with the chain inſtead of the theod. &c. thus, ſet down a ſtaff at O, over 
© which put the ring at the end of the chaig, where ſtand, and let your 
aſſiſtant go with the other end towards A, till you ſee him and the mark 

A, in the ſame right live, there ſtick down a ſtick which is atb (fig. 173) 
then direct him towards B, and there ſet down another (tick which is 
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yt a, then meaſure the diſtance a b, which let be 1, 2 C, fo is the angle 
A CB meaſured by the chain, * , 
ay RG 


To lay down this plan. 


1. From the diagonal ſcale take one chain, with which in your com- 
es and one foot in C, ſweep x circle on whoſe periphery from the 
diagonal ſcale lay down all the Ls as you ſee them in your rough 
draught (def. 30. prob. 129) and thro” theſe points draꝶ the line CA, 
CB, CD, &c. (meaſured in the field as per ex. 227) at pleaſure, on 
which from a diagonal ſcale lay their lengths &c. and join A B, B D, 
DE, &c. ſo have you a true map of your obſervations, or you may 
meaſure out one line between your ſtation C, and any of the marks 
A,B, D, c. and meaſure all the hedges, as directed in che laſt ex. 


To take the plot of a field at two ſtations, by only meaſuring the 
diſtance between the two ſtations, and obſerving the Ls. 


Ex. 230. Let A B C D E (fig, 174) be a field to he mapped, 
r. Chuſe two convenient points F and 8 for your two tations, then 
work as in problem 139 which is the yery ſame with this example, on 
here for variety, I rake the two (tations within the field, which ſhould 
be pretty far aſunder, that ſo the lines of obſervation F A, FB, &e, 
and 8 A, 8 A, &c. may not meet in very ſmall angles A, B, &c. for if 
they do, it is not ſo plain to ſee where the angular points are. 


2. Place your inſtrument as at F, letting the diameter point to 8 your 
ſecond ſtation, there having it flat, ſcrew it faſt, and thro' the fights 
ypon the index eſpy all the marks or corners of the field E, A, B, C. PD. 
marking down the angles of obſervations which let be 8 FE 109 EFA 
8,9, AFB 780, B FC 1400, CFD 469; then meaſure the ſtatig- 
nary diſtance FS, which ſuppoſe 80,2 C, there at $ place your inſtru- 
ment and make obſervations to F, and every mark as before, and ſup- 
polethe Ls ASP 429, ASB449, BS C 809, CSD 849, D 
and ES A 560. 


To lay down this field on paper. 

1. On a large ſheet of paper draw a line S F, on which from the 
diagonal ſcale, lay the ftationary diſtance 80,2, then on F and 8, with 
the chord o 60 ſwzep two circle s, make L S FE = 100 drawing F E 
at pleaſure, on $ make the L (ES A + A SF) FS E= 96, drawing 
SEto meet F E in E, ſo is E one of the marks or eorners in the field, 
again make LE F A 849, and L ESA = 569, meeting in A, ſois 
. another mark &c. and thus go on till you have all the corners or 

marks, uhich join with lines Ty" A B, &c. and its done. This ex: 
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requires that when you arc at dither ſtation, you' — ſee the other 
ſtation and all the marks, but when that cannot be done, you may ſet 
lines from your ſtation to the unſeen marks &c. leaving ſtaffs ſet up in 
thoſe lines to go by. Otherwiſe, make obſervations to all the marks 
in ſight, and to new ones, towards thoſe unſeen, which is all a one ag 
to take ſeveral fieids adjoining to. one another, &c. as is plain to un- 
derſtand. 


To take the plot of 2 wood, moraſs, &c. by going about the out- 
ſide of it. 


Ex. 231. Let AECDEFG, be ſuch a wood &c. (fig. 275) 


1. Set up marks at every corner of the wood &c. and at every ob- 
ject you would have in your map. 

2. Place your inſtrument (viz. any thing that wall take, or meaſure 
an angle) at any of theſe marks, ſuppoſe at A, there obſerve the two 
neareſt marks B and G, and ſuppoſe the index between looking at B 
and G, moves over 1000, which is the meaſure of the LB A G; then 
remove your inſtrument to another mark B, meaſuring the diſtance, 
or hedge A B 21 ch. 8 links, there look out for the next two neareſt 
marks A and C, and mind what degrees are included, ſuppoſe 760 = 
L A BC, remove to C, meaſuring the hedge B C 15 chains 20 links, 
there as before, take the LB CD &c. by going thus round, take all 
the Ls and meaſure all the hedges. Alſo, if there be any place as H, 
out of the hedges that you would have on your plan, make two obſer- 
vations, to itas one from A and another from B. See prob. 137. 


To lay down theſe obſervations. 

1. Draw a line A B making it by the diagonal ſcale = 21,08 chains, 

ppon A make an L of 1000, and upon B one of 760, make A G by 

the diagonal ſcale = 25,96 chains, and B C 15,2 chains, and thus 

lay down all the fides and Js as you find them (def. 30. prob. 129) 
in x paper, ſo you'll have a true map. 

Ex. 232. Note. When the two laſt lines in a map are ſet off, being 
produced they will meet without laying down their lengths, or the L 
which their meeting makes, ſo if this L and theſe two lines be me aſur- 
ed and compared with the like L and two hedges taken in the field, it 
will prove, if the plan is truly made. 

Ex. 233. To know if the angles in the field are truly taken. 

Take 2 from the number of the inward angles, and multiply the re- 
mainder by 180, this product, if the work is right, will be equal to the 
ſum of all the angles i in the figure, if there be outward angles, you add 
their complements, ſo as in the laſt figure, the number of Cs (exclul 


as I—— — 8 „ 
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ing LC) are 6, then 180 & 4 (6 — 2) is =720 = 695 + 25, the 
ſum 695 of all the inward Ls added to 25, the comp. of the outward 
L C, to 1800. This is eaſily proved, ſince the ſum of the three Ls 
of any plain A is known to be 1809, as alſo that the ſum of the exter- 
nal Ls of any right lined figure is = 3609. , 

Ex. 234. The laſt ex. may be done by the chain only. Thus (in 
fig. 176) ſet up marks at every corner A BCD, &c. in the field, then 
begin at any of theſe marks as at A, and meaſute the hedge A Boch. 
$ links, then hold you one end of the chain at B, and let your aſſiſt- 
ant go with the other end untill he ſee himſelf in a line with the marks 
B and A, there ſtick down a ſtick which is at c, then let him move the 
end of the chain, until you ſee him and the mark C in one line, there 
ſet down another ſtick at d, and meaſure the diſtance d c 1,21 chain, 
again meaſure the hedge B C 75,29 chains and holding one end of the 
chain at C, or putting the great ring over a ſtick there, move the other 
end toe, ina line with BC, and then to f, in a line with C D, then 
meaſure the ſtreight diſtance e f, 1,7 ch. next meaſure the hedge C D 


70, chains, and upon D take the Lg Dh 1,4 ch. as before, and thus 
may all the ſides and Ls be taken by the chain only. 


To plan this figure. 

1. Draw a line A B at pleaſure, laying 50,08 chains from A to B, 
then with the radius one chain on B, ſweep the arch c d, on which lay 
1,21 chain from c to d, thro' d draw B C at pleaſure, and lay 75,29 
ch. from B to C, upon C with the radius 1 chain, ſweep the arch ef, 
lay 1,7 ch. from e to f, thro' f draw C D &c. as is plain by the figure, 
all theſe numbers are taken from the diagonal ſcale. where, 


Note. That one ſcale muſt be uſed to all the ſides, but you may uſe 
a larger ſcale to the Ls if you pleaſe, for great care and exactneſs 
ſhould be uſed in the Ls both in taking, and laying them down, for a 
{mall matter in an L where the hedges are long, will cauſe a great er- 
ror, Here as in ex. 232, the laſt line laid down D A, will meet B A 
in A and be = 62,11 ch. if the work be right. Alſo, in the next ex. 
are an L and two ſides, to prove the plan. | 


Ex. 235. To take the plot of a field A B C D E (fig. 175) by go- 
ing the inſide of it, with the chain only. 

This is performed nearly as in the laſt ex. by meaſuring the hedget 
and at every corner, or ſet up mark, for inſtance, at A put the ring as 
the chains end over a ſtick, and ſtretch out the other end to a, in a line 
with A E, and alſo to b, in a line with A B meaſure the diſtance ſtreight 
from a to b, 1 ch. 29 links, and thus do at exery corner A, B, C, D, 


&c. as you meaſure the lengths of the hedges, and ſuppoſe the hedges 
and angles to be as ſet down in the figure. 


oy 


* 
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To lay down this ſigure on paper. * 


This is ſo eaſy, from the numbers on the figure, ard what is faid in 
the laſt ex, that I think itneeds no other directions, | 
Ex. 236. To take the plan of a field A B CDE (bg. 177) by dia- 
gonal lines. | 
To do this you muit meaſure ſo many diagonal lines as will divide 
the field into As, and then it will be eaſily laid down (by prob. 14, ot 
16) in all the foregoing examples, the hedges are ſtreight, but in this 
ex. for variety, I have taken them bended, and what is here done in 
crooked hedges is to be obſerved in any otlier method of plotting &c, 


Having taken & view, and a rough draught of the field, meaſure in 
a line from A to B taking offsets as yon go on, and ſet them (ſee def. 
30 prob. 129) at the end or along the offset line which muſt always 
be T to the ranging line A B. Alſo, along the ſaid ſtreight line A B, fer 
pown the diſtance between every offset, and always take care to off. 
ſet to every turn, or bend in the hedge, thas go round the field, or 
rather the trapezia which you are about to take, and the greater trape- 
zias you take the better, for the fewer the parcels the truer the con- 
tent in this reſpect, alſo the ſhorter the offsets the better; becauſe 
without much labour it is difficult to get them ſquare to the ranging 
line, &c. when you have thus round the trapezia, take a diagonal 
AC, fo will you be able (by prob. 16) to lay down the trapezii 
AB CD, for by your aforeſaid draught the fide A B is =3 +14 
1,5 1 227.5, the fide BC=2+5;5 +8 =15, the fide C D 
+2+2 +2 +1 10, and the fide DA=2 T2431, 41 
=8,5 the diagonal, AC = 12,94, you may alſo meaſure a diagonal 
from B to D in the field, which applied to your plan will be proof 
thereunto, for the offsets, they are ſet off as directed in prob. 26; 
from the ſame diagonal ſcale, that you take the other lines A B, BC, 
AC, &c. from. Thus, ſei 3 chains from A towards B upon AB, 
there raiſe a I., making it = 1 chain, at one chain further raiſe a 4, 
and make it = 1,3 ch. and ſo on. Then over the tops of theſe a: 
draw the curve, or bended line, which will form the thing required. 


Ex, 237. Any four ſided figure (right lined) tnay be readily laid 
down by having its four ſides and one L, (ſuppoſe L A) given; thus 
make the LA (fig. 177) = what you took it in the field, drawing A] 
and A D till they be = what you took them, theq upon B, with BC 
in your compaſſes ſtrike an arch, and upon D with D C, eroſs it in ( 
join B C and D C, and its done, on whi you may ſet the offsets, i 
any, as before. 


1 
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Ex. 338. There are ſeveral other methods for taking the plot of 
a held, &c. but they all end in the taking of ſides and Ls &c. thoſe 
here laid down are the moſt eaſy, plain and uſeful, and if underitood, 
it will be exſy not only to underſtand, but even invent other methodsz 
that in ex. 236, as is true as any to depend on where it can bg 
practiſed, becauſe it meaſures diagonal lines, which cannot eaſily fail 
in taking the field truly, if it be uneven, becauſe in ſome degree they 
mult go over theſe uneven places, &c. If you have a pocket compaſs 


you may ſer it to any line you are meaſuring, and ſo have the compaſs 


or bearing of the places in your map. Alſo by the help of a compaſs, 
you may take the Ls in a field, by ſetting it at one mark, and obſerv- 
ing the bearing of the next two nearelt marks as is eaſy to underſtand, 
for if one bear north, and the other weft, then its plain the L at the 
mark where you ſtand is 90. &c. &c. 


Ex. 239. How to take a perpendicular in the feld. (fig. 14) 


This may be done with any inſtrument that will take an L, thus, 
as you are meaſuring along any diagonal A G, try now and then wit 
your inſtrument, by looking at the marks A ard I, till you find the L 
Aa Ig ooo, ſo will a 1 be the L which meaſure, this may alſo be 
done eaſily by a maſon's ſquare; thus, as you meaſure along AG, 
try now and then with the ſquare, till along one ſide of it you ſee the 
marks A or G, andthe ſame time along the other ide of it, ſee the 
mark I, and that is the point where the I will riſe, which in this ſig- 
ure the L of the ſquare will be at a, there ſtop and meaſure the Lal, 
then come back to a, and as you meaſure along a G, take in like man- 
ner the Le H, now having ſet down in your rough draught the diſ- 
tances A a and a e or e G, and the Is a I and e H, you may from 
them lay down the figure. Thus, draw a line A G, on which lay Aa 
on a, raiſe the I a 1, on it lay al, lay a e from a to e, on e 12aile the 
Le H on it lay e H, then join the points A, I, G, H, which vill be a 
true plan of the right lined trapezia A 1G H. If there be more tra- 
pezia's than One you may take, and lay them down (by one at a time 
joining to one another as they lie in the field, taking offsets if the out- 


hedges are bended, as in ex. 236) either by this method, if A car be 
eaſily had, or by ex. 237. 


Ex. 240, How to meaſure ſtreight. 


Either let him that goes with the ſore end of the chain, flick down 
his ſtick, in a line with him that goes behind, ard the mark behird the 
ſaid hindmoſt man. Otherwile, he that goes behind may dire him that 


goes before , by ſome mark in the line, called a fore mark, the other, 


being called a back mark, 
* L 
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Ex. 241. To ſet out a line, when both ends cannot be ſeen at once. 
Set up a long pole as at A, (fig. 14) and one at G, and let there be 
ſo many men between A and G, as may ſee to direct one another into the 
ſame right line A G, then where they thus ſtand, ſet up marks within 
ſight of one another, you may run a line by back marks at a venture, 
aud by it find the true line you want. Thus, ſuppoſe you want a line 
from A to C, and by reaſon of ſome obſtacle you cannot ſee between 
A and G. (fig. 14) Firlt, mcaſure as near the line as you can gueſs, 
ſappoſe from A to I, where you can ſee the mark &, there take the 
L ATG, which if it be a right L, the ſquare root of the ſum of the 
ſquares of A I and I G, will be=A G, or if it be any other L, you 
may by trigonometry find the fide A G, having firſt meaſured 1 G, 
for then you'll have two ſides and their contained L, when a field is 
to be divided into ſhares, then its content ſhould be had very near, 
then it is beſt to uſe ſuch methods for plotting, as will take diagenal 
lines &c. in or through the field. (See ex. 238) But to plot a town- 
ſhip, county &c. it will be ſooneſt done if you go round it taking the 
Ls &c. as before directed, and as you go on meaſure the ſides with a 
parambulator, or furveying wheel, which is done by driving a wheel 
before you, made for that purpoſe, with which you may ſurvey as faſt 
as you can walk, for the pointers on this wheel ſhew what diſtance 
at any time it has moved. 

Ex. 242. To find the content of any plot when laid down. 


If a field is ſurveyed by ex. 236. its content may be caſt up by rule 
II, or if by ex. 239, its area may be had by rule 10, fo that in theſe 
two caſes, if you want only the area the field need not be laid down 
on paper, in all caſes, the contents of the offsets are had by rule 24, 
Let it be required to find how many aces is contained in fig. 177. 


bY zu. 
Offiets between 0 1,15. | . zu cet. 
A and B, 275 1,3 T 8x + of 1,5. 
84 | 8 1 Of X + of 2, 
2,00 l j2 x 4 of 2. 
une Hom 8,25 ah 3,5 X 4 of 5 
/ 6,00 1, X 4 of 8. 
1, 50 2X + of 2. g 
3, 0 ee. 
* 4 2,50 | 1 ＋ 1, 5 X of 2. 
b | 2,00 15 ＋ „ X43 of 2. 
1 J „ Xx + of 1. 
39,25 AAB C. 
fy 3 AED f, & found by rule 11, 
I14,105 Total 


Subtract 10, Area of DEA. 
10, 3605 Acres, the anſwer 
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BE EE 2-4 
375 1,5 2 X 3 2 
ww 455 E + 1x4 of 3. 
, 5 1 FL 4EINS Of 26 

55 Wy IX=of 1. 


Tum 10,5 = the area of D E A. 


Theſe offset areas are all found by rule 24; and as the content of 
any plot is thus found, it ſeems unneceſſary to give any more examples. 
Becauſe by the figure, the hedge D E A bends inward from the rang- 
ing line D A, it is plain the content of the part DE A mult be taken 
from that of the held. In any of the other methods, when the field is 
laid down on paper, be careful to meaſure diagonals and perpendiculars 
on the ſame diagonal ſcale, by which you'll eaſily ſind the content. 


Ex. 243. How to divide a plot when laid down. 


When any plot is truly laid down by a good diagonal ſcale upon 
a large ſheet of paper, i. e. your paper ſhould be ſo large as that every 
line may in your map, have its true length in chains and links (4 or 4 
links be ſeldom or never regarded) ſee prob. 23. This done, you are 
taught in the firſt part of this book, to divide or cut away any plot by 
art every way poſſible. But as there is yet another eaſy, general and 
practical method, I ſhall here give an example thereof. It is thus, 
when the plot is laid down, and its content found, (in doing this you 
need have no lines on your plot but the black ones or out hedges, for 
the pricked lines in the foregoiog plots, heing only for illuſtration, 
may in your plot be drawn dry, and not pricked, for needleſs lines ſerve 
only to blind a figure or plot) and you know what way the dividing 
hedges muſt range, and the quantity of ground every new incloſure 
is to contain, then meaſure off ſuch parts in your plan, and ſee what 
diſtance is thereon between every new hedge, which mark down, then 
go into the field and meaſure out the ſame diſtances upon the ſame | 
lines, as on your plan, there cut out little holes or ſtrike in marks in 
the ground, and meaſure every parcel thus laid down in the field, and 
if the areas of theſe new incloſures do not ſuit thoſe in your plan, or 
are not the areas they ſhould be, you mult vary the lines, till they do 
agree, 

Note. Since moſt ground is uneven, it meaſures to more in parcels, 
than it does altogether. 

Let AB CD, be a field of 120,55 acres, to be divided between 
two men, 2 to have 20,55 acres, andy to have the reſt, (viz.) 100. 


acres, to be hedged off parallel to tlic hedge D C. Fig. 178. 


* 
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1. Draw a line de parallel to D C, as near gaad as you can gueſs, 
then meaſure the trapezia de CD, which ſuppoſe 90,21 acres, this 
js too little, by 9,79 acres, ſo you mult move the line d e nearer to 

A B, until you find it cut you off a content of 100 acres, which ſup- 
ſe it does when at E F, then meaſure the diſtance D F and CE by 
our diagonal ſcale, then go and meaſure out the ſame diſtances with 

our chain in the field, from D towards A, and from C towards B, 

and meaſure the trapezia DCE F, and alſo the figure E F A B, and 
if the are = 100 and 20, 55 acres, reſpectively, its done. Otherwiſe, 
you muſt remove the line E F in the field till you find by meaſuring that 
it anfwers. To find nearly, how far the line d e muſt ſhift, ſuppoſe it 

r lo chains, becauſe it cuts off an area too little by 9,79 acres or 97,9 
fquare chains, and content divided by length gives breadth, therefore 
9749 divided by 10, gives 9 chains 79 links, and ſo much may you 
remove dee towards A B, on your plan, and then meaſure and ſee 
what the content is, which if it differ a little, you may divide and try 
again &. 

Ex. 244. Nate. If you are to cut off a ſhare next to any bended 
hedge AzB (fig. 178) it is beſt to add the offsets in A 2 B to the ſhare 
and then lay it off as before from the ſtreight line A B, but if the 
hedge bend out · wards, the offsets muſt be taken from the ſaid ſhare 
as is plain by the figure. Alſo if the hedges which the dividing line 
euts, be bended, it is beſt to work with thoſe cut offsets by themſelves, 

pod then add or ſubtract from the right line part, as the ſig. direQs, 


Ex. 245. Let AB CDE, (fig. 179) be a ſield containing 27 acres, 
do be divided equally amongſt 3 men, and all the hedges to meet at 
2 pond, or watering place g in the held. 


1. Since nq poiat in the out hedges is given to begin the new hed- 
ges from, draw a line A g, from the angle A tg the well at g, which 
let be one of the new hedges. Alſo, join C g, and meaſure the tra- 
pezia Ag CB 6,65 acres, now if this 6,65 had been 9 acres viz. of 
27 acres the fields area, then C g would have been another dividing 
hedge, but 6,65 wants 2, 35 of 9, ſo if you add a A of 2,35 to Ag 
CB 6,65 you'll have the ſecond dividing hedge, therefore, rake the 
pearelt diſtance 8 chains 62 links from g to the ſtreight line C D, then ' 
becauſe the area of a A divided by half its baſe gives the L &c. there- 
fore, 2,35 divided by 4,31 (half of 8,62) gives 5 ch, 54 links, which 
ſet from C to H, and join g H the ſecond dividing hedges, in like man- 
ner by joining g D, you'll find the area of the A g D H will want the 
arca of the Ag DI, to make it g acres, ſo Ig will he the third and 

Mt dividiog hedge, now mcaſure the diſtances E I and C H on your 


* 
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plan by the diagonal ſcale, that you may know what chains and links, 
to meaſure from the like corners in the field, where make marks at I 
and H, and meafure the 3 parts AgH CB, HDIg, and I. EA g, 
which if the plan and work be true will be very near good, but if there 
be a ſmall difference you may rectify it, by regulating the lines, as 
before. In this manner you may divide land at pleaſure. where 


Note. That in uneven ground, you mult take dimenſions, ſo, if you 
can, as that they may go over theſe uneven places, ſo will your plan be 
the truer, and conſequegtly leſs varying the diviſional hedges in the 
field. 

Rectangular, and triangular pieces of ground, are eaſily divided 
by rule 35, and prob. 111, &c. as in the two following examples. 


Ex. 246. If a rectangle be 20 ch. long, how many chains in breadth, 


will make 5 acres, or 50 1q. chains, alla haw many yards in breadth 
will make 2 acres. 


chains yards ö 
20) fo given area 4840 yards in one acre 


anſwer 2,5 chains 3 x 
| 4410) 968[o given area 
anſwer 22 yards. 
Becauſe 22 yards is 1 chain, 22 X 20= 440, the yards in 20 chains, 


Ex. 247. Let there be a triangular piece of ground A B C (fig. 89) 
whoſe area is 300 chains, and baſe B C 4o chains to be divided into 
3 = ſhares by lines drawn from the vertical A, to the baſe B C. 


1. By rule 10, the L d A muſt be 15 chains, becauſe 40 x 15 and 
+2 = zoo the given area, a third of which is 100, this - 15 the L 
gives 6 chains 66 links, for the baſe of 100 chains the third ſhare, or 
by prob. 111, you need only divide the baſe B C into 3 = parts, and 
draw lines between each cf theſe parts and the L A, and its done. 


Ex. 248. If a field be g; graſſes, and its content 192,57 acres, how 
many acres are there to a graſs, | 1 


As 80 graſſes is to 192,57 acres ſo is x graſs to 2,407 + acres anſ. 
ſo that if any number of graſſes be multiplied by 2,407, the product 
vill ſhew how many acres are in that number of graſſes. As for 

Ex. 249. How many acres mult be to 5 and 14 and 64 graſſes re- 
ſpectiyely. 

2,407 2,407 2,407 
— 155 6.75 
acres 12,635 25G. as. 3,6105 1 ac. 16, 247/25 = 61 grafles 


/ 
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Ex. 250. If one half of the laſt mentioned field, muſt abate 1 rood 
per acre, and the other half thereof have added 1 rood per acre, how 
much to a graſs in each. 

Becauſe a rood is the fourth of an acre, and every acre is to abate a 
rood, therefore, every whole is to abate + of itſelf, ſo the ⁊ of 2,407 
is 0,60175, which taken from, and added to 2,407 gives 1,805 25 per 
graſs for the abating part, and 3, 00875 per graſs forthe increaſed part. 
Note. In caſes of abating &c. you mult take care that the ſum ofthe 
abatements be = the ſum to be added, for, if you abate more than 
you add, you'll have land to ſpare, and the qyptrary if you abate leſs 
then is to be added, as you may caſily perceive. 

SECTION VIII. The practice of Gauging. 

Fx. 251. Gauging, is to know what quantity of liquor any veſſel 
will hold, or how much liquor is in it when it is quite full or partly ſo. 
All liquid meaſures are computed by ſolid inches, whence gauging is 
no more but ſolid meaſure and therefore may be all done by ſection 7 
only, there the dimenſions are taken to the outſide of the ſolid, but 
here they muſt be taken within, to get the ſolidity of the cavity, or 
part holding the liquor, as is evident, 

Ex. 252. Gauging (for eaſe ſake) is almoſt all performed by the 
Niding-rule, and may be done by Coggleſhal's fliding-rule as by ſect. 7. 
But ſince there is one on purpoſe for gauging, it may not be amiſs to 
deſcribe it here, 

Ex. 253. This rule is in form of a parallelopipedon, three faces of 
which have each a ſlider, tho' there are other ſorts, but this is what 
I uſe here; on one face, ſtands A, at the end of the rule, and B at the 
end of the ſlide, theſe are the lines mentioned in ex. 69, here is alſo 
a line marked M D which is the ſame with the lines A and B, but reads 
contrary way, and begins at 21,5042, and ending at 2, 15042; now 
if from the logarithm of 10, or 100 you take the log. of 2, 15042 or 
of 21,5042 the remainder ſhews the diſtance of unity or 1 from the 
end of the line M, D, and is exactly the ſame with the diſtance of the 

ints M B, (on the line A) from the end of the line A, the line mark 
N. on the ſlider is the ſame with the line B, above it; on this face are 
ſeveral other marks as A at 282, the ſolid inches in a gallon of ale, W 
at 231, theſe in a gallon of wine, Cat 3,14 the periphery of a circle 
whoſe diameter is unity, SI at 0,707 the fide of a ſquare inſcribed in 
that circle, diameter unity s e at 0,886 the fide of a ſquare =area of a 
gircle, diameter unity, At gach of o, 785 area of a circle diameter unity 


and 579g periphery unity, ſtands a black point. 


8 * 


4 = 
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Ex 254. On a ſecond fide of this rule ſtands two lines, t he one mark- 
ed D, being the ſame with that line on the common ſliding- rule (the 
other marked D on the ſlider is alſo the ſame) the other marked E is 
a line of a triple radius to the line E or its radius is = 4 of the lines A, 
B, or C, being all three the ſame, ſo that if the line A be made, all 
the other lines B, C, D, E, &c. MD may be made from it, on the line 
D are ſeveral marks as W G, A G, MS, MR, at 17,15, 18,95, 
46, 36, and 52, 32, being the gauge points for wine and ale gallons, 
and for malt buſhels, in ſquare, and round veſſels, T P, the gauge 
point fot a pound of tallow nett weight and ſtands at 6, 32. 


Ex. 255. On a third fide of this rule is a line on the ſlider marked 
N, and is the ſame with the lines A, B, C, and on the rule is two lines, 
the one marked 8 L. or ſegment, 1 y, or ullaging a lying caſk, the other 
marked 8 8, or ſegment, s t for ullaging a ſtanding caſk. Theſe lines 
may be conſtructed thus, firſt for the line 8 L, take a caſk which a- 
grees neareſt with the forms of the common ones in practice, and ſup. 
poſe its bung diameter to be divided into 190= parts, then planes — 
ing thro' each of thoſe parts parallel to the axis of the caſk,- will di- 
vide it into ſo many unequal parts or ſlices. Now its evident if you find 
the contents of theſe ſlices in gallons, and to the content of the firlt, add 
that of the ſecond, you'll have a number for Fol and ,a, and addi 
the content of the third ſlice to the laſt ſum you'll have a number for 
03, &c. by continually adding a ſlice more to the laſt ſum you'll have 
a table of meaſures, by which the line 8 L may be laid down. In like 
manner, if for a ſtanding caſk, you imagine the axis to be divided into 
100 = parts and planes to paſs thro' each of them parallel to the caſks 
bung diameter, it by this means will be divided into 100 unequal parts, 
whoſe contents being ſeverally found, and the laſt being always added 
to ſome of the preceding ones, you'll have a table of meaſures for the 
lines. Becauſe ale gallons are moſt common in practice, theſe lines are 
fitted to that meaſure. : 

Ex. 256. The line A L, (a new line for ullaging) is made thus, let 
8=any ſegment, under ſegment in the table of ſegments, d =diame- 


ter of any cylinder, and 1 = its length, 4 41s — m, the meaſure of a 
282 


flice thereof parallel to the axis, in ale gallons, whoſe end is ſimilar to 


the ſegments, or 441 the content of the ſame ſegment in wine 
231 


gallons, But 1 — = m, then 292 u whence ariſes this pros 
282 
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portion on the ſliding- rule viz. as , on D: Jon C:: d, on D: 
| 4 

m'on C, ſo that if 282 be divided by every number under ſegment in 
a table of ſegments made to a radius of a 1000, or 1000 verſed lines 
(but the table in this book taken from Mr. Shirtclifte's book of gaug- 
ing is only made to 300 ſegments or half the circle) and half the log. 
of each quotient, taken from the ſame ſcale of. perts, that the line 
N was taken from, and thoſe diſtances laid on the line A L, you'll 
have the line required. 


Ex. 257. On the fourth and laſt fide of this rule, is a line of inches 
divided into tenths, under it ſtands 3 other lines marked ſpheroid, 
ad variety, and 3d variety, for finding the mean diameters of caſks 
when the difference between the head and bung diameters is under 8, 
inches and are made by theorems 121, 122, and 123. Sec ex. 337, 

Ex. 258. On the infide'of the ſliders B and C, are placed two lines, 
the one numbered from 13 to 36 inches, and the other from o, 42 to 
3,60 gallons, which is only as a table to ſhew the content of any cylin- 
der at one inch deep in ale gallons, whoſe diameter is between 13 and 
36 inches; on the inſide of the little ſlider are two lines for reduciog 
the 4th variety of caſks to a mean diameter, as per ex. 257, conſtruct- 
ed by theo. 124. What is ſaid in the foregoing ſections of the lines 
A; B, D; on the common fliding-rule, are here to be underſtood of 
the lines A, B, C, D, and N, they being the ſame lines on both rules, 
. only; the line D on this rule begins at 1 and ends at 10, yet their uſes 
is the ſame, both in meaſuring and in gauging. The uſe of all thelc 
in gauging follow. 

Ex. 259. Extraction of the cube root by the ſliding- rule. 

The cube root is extracted by the lines D and E, as the ſquare roo 
is by D and A (ſee ex. 77.) therefore, as the firlt 1 on E is to the firl 
1 on D ſo is any number on E to its cube root on P, ſo if the cube root 
of 2197, were required, it will be as 1 on E: 1 on D:: 2, 197 on 
: 1,3 on D, ſo 13 is the cube root of 2197. 


Note. As in taking the ſquare root, you divide the number given, 
by the ſquare of 10, ſquare of 100, &c. ſo in the cube root, when the 
number given is too large you muſt divide it by the cube of 10, or of 100 
&c. for what number ever you divide by, the anſwer muſt be multipl- 
ed by the root of that number; ſo here I divide 2197 by the cube a 
IO viz. by 1000. If I were to divide it by 100, or by 16, theſe bait 
no perfect cube roots to multiply 1, 3 the eube root of 2,197, by, (& 
ex. 68, 
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Ex. 260. Having given any 3 numbers (2, 8 and 9) tofind a fourth 
which may be to the third, as the cube of the ſecond is to the cube of 
the firſt, By what is faid in the laſt ex. it is plain, that as 2 on D is to 
9 on E ſo is 8 on D to 576 on E the anſwer. Again, if the three given 
numbers were 2, 80, and 9. Here when 2 on D is ſet to E, 80 is off 
the line D, but againſt 8 (viz. 8,0) on D ſtands 576 on D which mul- 
tiplied by (ioo) the cube of 10 (becauſe 80 was divided by 10) gives 
576000 the term required. 

The lines of numbers A, B, C, N, and D, are uſed in gauging veſ- 
ſels by the directions in ſect. 2, as you'll find in the following exam- 
ples. For the uſe of the line MP, and the gauge points M R, and MS, 
ſee malt gauging, SL, and SS, ſee ullaging, &c. 


Ex. 261, Deſcription and uſe of the gauging rule, or rod. 


This rule is commonly 4 feet long, and for convenience, is made 
to fold in four joints, and hath 4 ſides or faces, on the firſt face are 2 
lines, the one marked A G, for ale gallons, the other W G, for wine 
gallons, called the diagonals. Becauſe when the end which 1s cut a 
| Clope, is put in at the bung of the caſk, and to the bottom of the head 
(try to both the heads to know if the bung be in the middie) the num- 
ber cut at the bung, ſhews how many ale or wine gallons this caſk will 
hold, and is near good in the French wine hogthead, or London beer 
barrel, the lines being made for ſuch caiſks. Thus, as the content of 
any caſk is to the cube of its diagonal, fo is the content of any ſimilar 
caſk to the cube of its diagonal, whoſe cube root will be a number on 
the diagonal line for that meaſure, whence veſſels gauged this way 
ought to be ſimilar and of the ſame variety. Otherwiſe, its not true. 


On a ſecond face is a line of inches from 1 to 48, decimally divided 
and alſo, upon the ſame fide ſtands Oughthred's gauge line, being a 
line of one third of areas of circlesin wine gallons, by which you may 
gauge a calk, Thus, let the bung diameter be 0,71 wine gallons, then 
its double is 1,42, to this add the head diameter, ſuppoſe 0,58, the 
ſum 2 gallons multiplied by 30 inches the cafks length, gives 60 wine 
gallons for its content, this holds true in a ſpheroidical calc, 


On a third ſide of this rule is a line of = parts from 1 to 96, which 
with Oughthred's gauge line, makes a table of circular areas in ale 
gallons. As for example, if the diameter of a circle be 3o inches, the 
area of that circle upon the other edge of Oughthred's line is a little 
above 1 gallon, the diameter being found on the line of = parts ; on tlie 
fourth fide is a line of numbers, the ſame with the lines A, B, C, and 
N, on the ſliding- rule, on which are the {ame gauge points, A C, WG, 


4 * 
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Ke. which works with a pair of compaſſes inſtead of a flider. Thus if 
- length of any gaſk or veſſel be 30 inches and its mean diameter 
26 inches, then 7, one foot of your compaſſes in the gauge point 
AG, or WG. and extend the other foot to 26 the mean diameter, 
with that extent and one foot in 30 the length, turn the compaſſes 
twice over and you'll find the laſt moved foot to fall upon 57 ale, or 
60 wine gallons the content. With this line of numbers, there is a 
a ling of ſegments (S L) for allaging a lying caſæ. Thus, extend from 
the bung diameter on the linc of numbers to 100, or radius on the line 


of ſegments, that extent the ſame way reaches from the dry inches on 


the line of numbers, to a reſerved number on the line of ſegments, or, 
which is better, on the line of numbers extend from the bung diameter 
to the dry inches, then on the line of ſegments that extent reaches 


from 100 to the reſerved number. Then extend on the line of num- 


bers from 1 to the caſks content, that extent the ſame way reaches 
from the reſerved number to what the caſk wants of being full, 

Bar if you 1 uſe the wet, inſtead of the dry inches, you'll have the ale 
gallons in the caſk. There are other four feet gauging rods made for 
London caſks, &c. Thus, ſet the veſſel level and pour in a gallon of 
water, and putting in your red down right make a mark for 1 gallon 
where the ſurface of the water cuts the rod; pour ih one gallon more, 
ſo you'll haye a point on your rod to mark for two gallons, and fo by 
putting in the rod for every gallon poured in you'll have marks for 
any number of gallons i in the veſſel whether ſtanding or lying. And ſo 
when you come 50 gauge fuch a veſſel, you have nothing to do but 
pot in your rod down right, and the wet part will ſbew what gallons 
gre in that veſſel. The black dots on theſe rods made for quarts, are 
made by pouring in a quart at a time, and at the end of every quart 
mark 2 dot on your rod, and as you did a figure for 2 gallon, Thefe 
Fods are made up for the following veſſels, viz. 1 a line for a butt 
ſtanding, 2 a ling for a butt lying, each of which contains 108 gallons 
beer meaſure, 3 a line for a hogſhead of 54 gallons, 4 a line for the 
Parrel of 36 gallons, 5 one for the kilderkin of 18 gallons, 5 one for 
Frkin of 9 gallons, all beer meaſure; ſo that you may eafily know 


Which of theſe veſſels yqu are gauging by putting in your rod, for if 


the top of the veſſel Cuts 9 gallons it is a barrel, if 54 gallons the veſſel 


a hogſhead, &. The London coopers are obliged ro make theſe 


yellels = and alike, For the ſame purpoſe there are other lines put on 

ach gauge rods for wine meaſure, as for a tun, butt, punchebn, hog- 
ſhead, tierce, barrel, rundlet, and anchor, of 212, 126, 84. 63, 42) 
34%» 18, and 9, gallons. 


Ex. 263. The Engliſh wine gallon by act of parliament, is to con - 


tain 231 cubic or ſolid inches. By which is meaſured all wines, bran· 
dy's, ſpirits, ſtrang waters, mead; perry, cyder; vinegar, oil, and ho- 
ney. And as 1 pound troy weight is to 1 pound averdupoize weights 
fois the cubic inches in a galloh of wine to thoſe in a gallon of ale. Now 
(by Ward's mathematics, page 35) t pound averdupoize i 13 = 14 OZ, 
12 p. w. troy, therefore, as 12 0· is 14 0Z 12 p. w. ſo is 231 to 2814 
ear = 282 ſolid inches as the ale or beet gallon is now ſetled. The 
ſtandard, or Wincheſter corn buſhel, ts contain 8 gallons of wheat, 
erery gallon to weigh 8 pounds troy, each pound to weigh t2 ounces; 
yach ounce 20 penny-weights, and each penny-weight to weigh 32 
grains of wheat taken out of the middle of the ear. Now ſuch a byſhel 
is found to contain 21455 ſolid inches, whoſe fill of common ſpring 
water is found to weigh i131 ounces 14 penny-weights troy. But a 
cylinderical yeffel 8 inches deep and 18,5 inches diameter, is 21 50,43 
ſolid inches content; which tho? it exceed the ſtandard buſhel of 2145, 6 
by 4.82 ſolid inches, a cylinder of theſe dimenſions is now fixed on fur 
the ſtandard buſhel; there being no other dimenſions ſo convenient 
without running further into decimals, Now the eighth part of 2150, 4a 
is 268,8025, the ſalid inches in acorn or malt gallon, bur the decimal 
40025 being but ſmall is left out aud 268.8 taken tar the ſtandard corn 
gallon, therefore, kt the ſhape of any veſſel be what it will, if its ſolid 
ontent be 215 0, 42, or 468.8, or 282, or 231, ſolid inches it will 
— a ſtatute buſhel of malt, or a gallon gf n malt, or a gallon of ale, or 
beer, or a gallon of wine. 


Vote. The Iriſh gallon of wine, dil, or ale, contgins 217,6 ſolid 


ATABLE of Ale Meaſure in London, 
$ol. In; Pins = Gall. 2 Jar. 1 
[Hoghead | 13536 | 384 |192 .| 48. JE [I 


Barrel 1 $024 | 256 128324 
Kilde kin J 4512 | 128 | 64 16 2 
Firki n 2256 | 64 | 32 | 8] 1 
Gallon 1 282 1 | 
Quart 7011 2 I 
i 35F1_ 2 j 
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A TABLE of Ale and Beer Meaſure in the Country. 
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f tallow groſs ] 30,28 
Note. tallow nett 31,4 
That one hard ſoa > ig equal to 27.1 > ſolid inches. 
pound of | green ſoft ſoap } | 25267 | 

white ſoft ſoap } * 25,56 


{ raw ſtarch 1 348 


Tt is common in gauging to take the Amen ons in inches (in the in- 
fide of the veſſel) and give the content in gallons, which done may be 


reduced to other meaſures as you pleaſe by theſe tables, thus (ſee rule 6.) 
263. In 5768 gallons of beer, how many barrels country meaſure ? 
34 ) 5768 ( 169 barrels 
17) 22(1 kilderkin 
J gallons © 
Anſwer 16 bar. 1 Kl. 5 gal. 


Ex. 264. In 68 502 gallons of 4 how many hogſheads country 
meaſure ? 51 68502 1343 hog. 9 gall. Art 


9 remains 


Ex. 265. In 2520 gallons of wine, how many tons? 
252) 2520( 10 tons Anſwet 


Ex. 266. In 0,5768 parts of a gallon of ale, how many quarts, 
pints, gills and noggins ? | 


2,30% 


Anfwer 2 quarts o pints 1 gill o, 4576 nog. 


Ex. 267. In 67854, 2 ſolid inches, how my gallons of alc, and 
rundlets of wine ? 


282 ) 67854-2 
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4158) 6785 42 
rundlets 167318923 


. — ER — —— — 
quarts 92,4702 gallons 54141082 
2 2 4" 4 
pints irrer quarts 964388 
Aus 188368 Pigts To 
REIT INS | Anſwer 16 R. 5 G. 2 
noggins 1755 36 1, Pint in 


Anſwer 240 Gall. 2Q.0P, 16. 1776 Nog. n 


k. 268. In i gallon of wine, how many gallons corn? 


Inches Gall. Inch. Gall. 
As 268,8 111: 231: , 8594 
| EY 


268, 8 ) 2315 Sed 
0.8594 . 
Ex, 269. In i ale gallon; how many wine gallons ? 
As 231 : 1 :: 282: 1,22 | 
That is, a wine tan an is to a corn gallon, as 1 to 594, which is 
nearly as 1 to, 86, fo if any number of wine gallons be multiplied by 
o R594 the produtt will he carp gallons, and for the like reaſon (ex. 


269) if any number of ale allons be multiplied by 1,22, the product 


will be wine gallons, &c. for . 


Ex. 270. Having in the tables ſet down the diviſors, viz. 
how many ſolid inches makes any of the meaſures therein mentioned, 
if you ſuppoſe the dimenſions in ſeQion 6 to be taken in inches, then 
any of the ſolidities in that ſection, divided by 282, or by 231; &c; 
will give the content of the ſolid in ale gallans, or in wine gallons, or 
in malt buſhels if you divide by 2150,42, &c. but if you teduce the 
factors in that ſection and theſe diviſors 282; 231, &c. into one factor 
or diviſor, the work willbe much ſhortened, and yet performed by the 
fame tules as you'll find in the following examples, where obſerve, that 
when you gauge auperficies it is ſuppoſed to have gne inch of depth 
for a plane IX can hold no liquor. Alſo, all ſuch figures as are 
— Sy ulng —— &c. are called cirenlar 
figures, and all other figures ate called right lined figutes 


Ex. 27 1. All, or any of tlie aforeſaid diviſors may (by ex. 46. ) be 
turned into multipliers. Thus, 
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252) 1, 000 ( ,003546 |} Fae I Henn me 


231) 1,000, 004329 { is a multi-] wine lined figures. 
268,8) 1, 000 (, 0037 20 plier for | —_ ek | 
2150,42 ) 1, 9000 ( ,0004650) malt . 
See exp. 289. Or, if you make , $54, or more &xatly 785398 
your dividend inſtead of 1,000, youll hive thaltiptiers for circular a- 
areas; or, making 258858 your divifor to the dividends 282, 231, 


* 


ke. you'll have diyiſors for circular figures ; thus, 8 
ale gall. 
2K n in circular 
eg com gall. © kgures. 
2150,42 4 LEcorn buſh, 


2150,40 (2738, 
Now to gauge by the fliding-rule. Take the ſquare rt of any of theſe 
lors, and ſet it upon the tine D, (ſee ex. 82,) and it will be a con- 
ſtant gauge point far that meafare. 


1282 8956 195 
And ELIE: 55 ſame. 


80 the — | 1 =_- ! 
| 31 3 15,19 
ſquare 2150,42 | is 18.55 
root of 359,05 7 ' 18,94 
29 12 L 17,14 


27 J L $2.32 
95 8. malt buſhels, right lined figures 


and is marked 


| A G. ale gallons, : circular figures becauſe moſk 
on D with 


WG. wine gallons, 5 veflels are ſuch. 
MR. malt buſhels, circular figures. 

272. In this manner you may find multipliers, gauge points &c. for 
any other meaſure, and mark ſuch gauge points on the line P, as you 


| How to gauge ſuperficial ſigures. 
Fx. 273. M each fide of a fquare be 9,6 inches, what is its content 
in ale and wine gallons, at une inch deep. | | 
G67 1. + divi 
783 by rule 7 W "27 2 
57,6 area in inches . +2048 ale gallons 
003546 multiplier for ale 1, 22 Sec ex. 269 


220482396 ale gallons | 2249856 vine-gallons 


970, 36200 corn gallons 


* 
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Sliding-rule, As J 10-79 onD:1r0nC:: 76 (tor 7,6is off) on 


15,19 
D : nn on C, (which divided by ſquare of 10, See ex. 68.) 
,2048 ale | 
is 0 * wine gallons. 


Ex. 274. Required the content of a rectangle in ale gallons, whoſe 
length is 100, 5 inches and breadth 20 inches. 

20 Sliding-rule. As 282 on A: 20 

: on B:: 100,5 on A: 7, 13 nearly 

. apt 2 pe on B the anſwer. Or as 16,79 on D 

2 P 2 44,83 (a mean propor. between 


7,127460 ale gallons, Anſ. 100,5 and m on D::10nC: 
7,13 on C the ale gall. required. 


Ex. 275. If the baſe of a plane triangle be 260 inches and its per- 
pendicular 1 10 inches, what is its area in corn gallons, and pounds of 
tallow nett. | 


Wat) 130 remains ; 
14300 area in inches Sliding -rule. As 268, 8 on B: 110 00 


„00372 mult. for C. IJ. A: : 130 on B: 53,2 fere on A, the 
| : C. G. And as 31,4 on B: 130 on A:: 
i nis. And. 110 on B: 455, 4 on A the tall. pounds, 
Ex. 276. In a trapezia, the diagonal 2820 inches, the perpendicu- 
lars 105 and 80 inches, whats the content in corn gallons, and tallov 
pounds, groſs. | | 


2 . 30, 28) 2608 50 (8621, 2 tall. Ib. grols 
x 6120 remains 
185 Sliding-rule. As * on; 
1410 S diagonal res 30,28 


260850 area in inches is to 1410 on A ſo is 185 on B to 
„00372 mult. for Corn gall. 18327553 on A the anſwer. 
, 


/ 


When you take dimenſions of a trapezia &c. ſtretch a diagonal line 
the longeſt way corner-wiſe, with a cord, and there let it lie faſt, the 
with another cord, take the neareſt diſtance between the two oppolitt 
angles and the ſaid line, ſo you'll get the perpendiculars. 

I think it needleſs to add any more examples in right-lined ſurfacts 
for few ſuch forms are to be met within the practice of gauging, andi 
they were, the rules in ſection 4 are ſufficient; for if the dimenſions the 
be in inches, then any area there divided, or multiplied, as directed 
ex. 270, will give the content at one inch deep, &c. 


AND MECHANIC. 


Ex. 277. if the Master of a circle be 40 inches, what is its ares | 


in ale and wine gallons; | 


49] ſeerule 11 1600 1606 fer, fig. 


02785 mul, for A. G. ,003399 mul. tor w. g. 
1600 ſq. diam. 4.450000 ale gallons 5,438400 wine gallons. 


* | 18,94 or ale gallons : | 
* as EE fonD: 1 


D: 7.5 4 Len C, the anſwer, 


3 As 359,05 or 204,2 on B: 40 on A:: 40 on B 4,46 
or to 5,44 nearly on A, the auſwer. 


Ex. 278. If the diameters of an oval be 72 and 59 inches, what is. 


its area in ale gallons. * 


ba ee nale 2t 0 
3600 prod. diam, 10, 126000 ale pallons 
Sliding-rule, As 359,05 on A: 72 on B:: 50 on A: 10,126 bh 
the anſwer. Otherwiſe, as the gauge point A G, on D: 1 on G:: 
60 (a mean proportional between 72 and 50) on D: 10, 126 on C anſ. 
Ex. 178. If there be a ſegment of a circle, whoſe verſed fine is 10 


laches, and diameter of the cirele 50 inches, what is its area in ale 
gallons. 


is commonly uſed. 


Thus 50) N 200 againſt which under V. S. in the table of ſeg, 
ſtands. „111823 | Sliding. rule. As 50 on A: 1 on 
mult. 2500 ff. diam. B; : 10,000 on A: 200 on B, a- 

279,5575 area ſeg. gainſt which under V. S. ſtands 


„1118 +, chen as 282 on A1, 1118 

— mul. for A G. on B : I eerie Argos. on B 

9913 + anſwer the anſwer, 

Ex. 279. If the area of any figure whatever be 321883, as in ex. 

121, whatis the area in malt buſhels, at an inch deep, the area 521887 

inches, being every where the ſame, or the veſſel of the ſame breadili 
in that inch of depth. 


2150, ) 521883 (242, 2 malt buſhels, Anſwer 
4862 &c. 


Sliding - rule. As 2150, on B: 1 on A:: 521883 on B: 242, , 8 


* (ſee ex. 68) on A the anſwer, 
0 N 


This may be done by ex. 118, but that by ex. 113 being ſhorter 


_— ——̃ ˙ ESD PER. ED — 
0 
N W- * * 
5 : * | = 
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Thus you ſee, it is but dividing the area in inches by the diviſor for 
that meaſure you want, let the figure be what it will, or multiply the 


faid area by the multiplier for the meaſure wanted, ſo you'll have the 
anſwer. 


Ex. 280. By theſe examples (and ſect. 4) you may gauge any plane 
at one inch deep, and conſequently any ſimilar and = baſed ſolid, for 
the content at one inch deep, multiplied by any number of inches, 
muſt give the content of that number of inches in ſuch a ſolid, As for 
example, if a cylinder lie parallel to the horizon, whoſe length is 100 
inches, diameter of each baſe 50 inches, and ſo much liquor in this 
veſſel, as that putting a ſtick into it L to the horizon the wet inches 
may be 10, byex. 278, the content of this ſegment 1 is found to be o, 9913 
which multiplied by the length 100 inches, gives 99, 13 ale gallons of 
liquor in this cylinder. 


Ex. 281. Again, if there be a floor of malt whoſe content is 242, 2 
buſhels, at one inch deep, and the floor be 5 inches deep, then 242, 2 
multiplied by 5 gives 1211, for the malt buſhels in this floor, &c. for 


any other. 


Ex. 282. Becauſe 16,79 multiplied by 16,79 gives 282 the inches 
in an ale gallon right lined figures, its evident, that if you divide a 
ſtreight rule into = parts 16,79 inches to each part, and each of theſe 
parts into 10 or 100 = parts, ſuch a rule will take the dimenſions in 
gallons, and decimal parts of an ale gallon, by which you may have the 
content without uſing the factor or diviſor, as in the foregoing exam- 
ples is uſed. This is plain, if we conſider, a board &c. 12 inches ſquare 
to be = to one a foot ſquare, tor the area of both is the ſame, VIZ, 
144 ſquare inches = 1 ſquare foot &c; therefore, the area is 1 foot 
whether you take dimenſions in inches or feet. Alſo, 18,94 inches, 
being the gauge point for circular figures A, G. If you put 18,94 in- 
ches to a divifion or gallon, on your rule, and divide it decimally as 
before, you'll have a rule to take the dimenſions of circular figures in 
ale gallons, by which the area of a circle in ale gallons is = to the ſq, 
of i its diameter, that of an oval = the product of its two diameters, and 

ſo may ſuch rules be made for any other meaſure, or ſuch meaſures 
aay be marked at their proper places upon an inch rule, and the con- 
ents much ſooner had by them than by the inches as is evident. 


Ex. 283. If each ſide of a regular hexagon be 10 wine gallons (viz, , 
to times 15,19 inches) what is its content at 1 inch deep. By ex. 
0 the required content is 259,807 wine gallons, 
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Ex. 284. If the diameter of a round ciſtern be 100 W. G. (viz. 100 
times 15, 19 inches) what is its content at 3 inches deep. By rule 15, 


the content at one inch deep is 7854 wine gallons, which multiplied by 


3 the depth, gives 23562 W. G. anſwer. But if you take the diameter 
in circular wine gallons, it will be 88,6 + (viz. 88,6 times 17, 14 the 
circular wine gauge point), and its ſquare will be (83,6 x 88,6-=) 
7854 as before nearly. Hence, if you ſuppoſe the dimenhons in ſect. 
4, to be taken in theſe meaſures the areas there, will he the contents 
in ſuch meaſures, at 1 inch deep. 

How to gauge ſolids, or rather veſſels. 

If any of the ſolidities in ſection 6 be in inches, and be divided by 
any of the foregoing diviſors, or multiplied by the multipliers anſwering 
thereunto, the quote, or product thence ariſing will give the meaſure 
in gallons &c. (as by ex. 270) I ſhall here, therefore, only inſtance in 
the moſt common veſſels. 


Fx, 285. If each fide of a cube be 30 inches, how many gallons of 
wine and pounds of hard ſoap will it hold? 9 


30 f fee rule 36 27,14) 27000,00 _ 
SE 994,43 pounds of ſoap 
900 ; 
20 


231 ) 27000 ſolidity 
116,83 wine gallons 
Sliding-rule, 5.253 on D 30 on C : 30 on D: ; 


= gallons of wine 
= pounds of hard ſoap 


Ex. 286, If the length of a rectangular priſm, be 81 inches, breadth 
2 and depth 26 inches, what is the content in ale, wine, 
t, C. 


116,88 
994,43 


on C. 


81 | SE 
2s þfeerule 37 


202 
26 " 
282)5 26500186, 7 ale gallons 
231) 52650022), 92 wine gallons 
2150, 452650024, 48 malt buſhels 
31, 4)5 265001676, 75 pounds tallow nett 
30, 28) 5265001738. 77 pounds tallow groſs 


* 
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$7,14)52650(1939,94 pounds hard ſqa oy 
25,67) 526500205 1,03 pounds green { ſoap 
25,56)52650(2059,85 pounds white ſoft ſoap 
34,8)52650(1529,31 pounds raw ſtarch 
gliding-ruls. Firſt, a mean 2 between ſome two of the 
3 dimenſions, as $r and 25 is found to be 45. (See ex. 82.) Then, 


| 16,79 | | 186,7 A. G. 
15,19 227,9 W. G,. 
46,37 the ſq. root of the diviſor, 24,48 &c. 
| „ | onD:; 260nC:: 45 on D | 1667.7 

Ax 5 555 the mean propor. between 4 1738, 9 
4 $,2 81 and 1 the anſwer un 1939, 9 

3.06 | C. Gi) 205 1,0 

3.05 2059.8 
$9 J | (152943 

Ex, 237. If the diameter wY cylinder be 56+ inches, and its length 
906 inches, What is the content in ale, wine, malt, tatlow, &c, 


a. * A ſee rule 37 


3192,25 
len. 96 
359,05) 3064560853, 52 ale gallons 
294.118) 306456010414 wine gallons 
2738)306456(111,92 mak buſhels 
32,68)306456(9238, 29 green ſoft ſoap 
38,55)395456(7949, 57 pounds tallow groſs 
39,98) 30645607665. 23 pounds tallow nett 
34-56)305456(8867,36 pounds hard ſoap 
32,54)306456(9417,82 pounds white ſoft ſoap 
44+32)396456(6914.62 pounds raw ſtarch 


F 18,94 Sliding-rule. | 853,52 
17,14 1041,94 
$2.32 | the gauge point. or ſq. root 111,92 


of the circular diviſor on D 9377,47 

as 4 6,2 © : 96 the length n C:: the 4 7949,57 
diam. 56,5 on D; the an.. 

on C. (via, 8876, 36 
1 | 


[ 6,66 1 1 69 14,02 
Theſe two examples (from Leadbetters gauging) are ſet down to 
all the maſſ uſeful meafures and weights, on purpoſe that you may have 
ready the gauge points &c, if wanted. (Sec ex. 270, and 271.) 


AND MECHANIC wx 

Fx. 288. I there be a fruſtam of a ſquare pyramid, each fide of the 

r and leſſer baſes 13 and 8 inches, and depth 24 inches, what is 

the content in ale and wine gallons, This is the Tame with ex. 169, 
Which I ſhall work by rule 43. 


add 8 4460 3 9.5006 , 
24 ewiceamid. fide _447 1 2 OH. 
ſum 674 11,663219352 W. G. 
t of ,093546S , K Sliding-rule, for ale, f 
VVV 
„„ will be 41513 a conſtant 


| | CE | gauge point for the fruſ- 
ums of ſquare Pyramids in ale gallons, Then, as 41, 13 n D: 24 
n G:: 13, 8 and 216nD : three numbers on Choſe ſum is 9,56 
ale gallens anſwet. | 
Or if you let the common right lined gauge point 16,79 on D to a 
ſixth of the length on C, the reſt of the work will be the ſame. 
Ex. 289. The reaſon why I take the ſquare root of 6 times 282, is 
becauſe 6and 282 are both diviſors to the ſolidity, viz. 282 for the gal- 
lons and < for the g of the length. And here obſerve, that ia all ſuch 
caſes, any number of diviſors multiplied into one another, the Halt pro- 
duct is one dryifor for them all. Alſo, if you multiply any number by 
the product of any number of multipliers, the anſwer will be the ſame 
as if you multiply that number by theſe multipliers one after another, 
hence, a maltipher divided by a diviſor, gives one multiplier for both, 
and a divifor diyided by a multiplier gives one diviſor for both, &c. 
Ex. 290. If ſeveral numbers are t be multiplied together continual- 
ly, it is no matter which you take firſt, or which laſt; the anſwer will 
be the ſame, ſo in ex. 288, I have 674 and ,oco59t and 24 to multi- 
ply into one another, you'll find the product 9,56 + , multiply them 
in what order you me Alſo, if a part of ſome one of thele num- 
bers is to be taken, you may take that part of any one of them, that 
ſuits beſt. Thus, in ex. 288, Ithould by the rule 43, take 4 of the 
length 24, but Ituke 2 of che factor 003 546, and ſo multiplies by the 
whole length, and the product is 9,56 +, take þ of which number 
674 or 24 or ,0035 46, you pleaſe, this is all evident fram algebra. 
Ex. 291. There is a fruſtum of a rectangular pyramid, the length 
of the greater baſe 27 inches, its breadth 12 inches, length of the leſ- 
ſer baſe 18 inches, its breadth 8 inches, and the fruſtum's length 100 
inches, how many ale gallons will it hold? Firſt, the ſum of 27 ang 
3818 45 = twice the length in the middle, and the ſum of 8 arid 12 8 
= 20, twice the breadth in the middle, ſo per rule 43. 


—— — — 
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900 = 45 X 20 area mid. 4 times Sliding - rule. Find 18 a mean 
324 = 27 X 12 area greater baſe 


144 = 18 x 8area leſſer baſe 
1368 ſum 
100 axis 
136800 ſix times ſolidity, in inches 
,000591 = & of ,0035 46 
80,8488 ale gallons anſwer 


30, twice a mean proportional in the middle. Then as 41,13 on D: 
100 on C, or as 16,79 on D: » on C:: 18 and 12, and 30 on D: 
19,15 and 8,51 and 13.19 On C. whoſe ſum is 80, 85 the ale gallons 


required. 


Ex. 292. There is a fruſtum of a cone whoſe length, or depth is 
100 inches, diameter at the greater baſe 18 inches, and diameter at 
the leſſer baſe 12 inches, how many ale or beer gallons will it hold? 


Firſt the ſum of 18 and 12 is 30 twice a diameter in the middle, 


then by rule 43. 
144 ſq. 12 leſs diameter 
324 1q. 18 greater diam. 
' goo {q. 30 twice mid. diam. 
1368 ſum 
100 length 


136800 
| ,000464 = x of ,002785 
63:47 5200 ale gallons anſwer 


Ex. 293. There is a fruſtum of an elliptical cone, length 100, the 
diameters of the greater baſe 27 and 12, and 
all in inches, whats the conteat in ale gallons 


"tranſverſe and conjugat 
of the leſſer baſe 18 100 
See ex. 291. 


144 * 18 x8 
324 = 27 X 12 
900 = 45 X 20 
— — 
1368 ſum 
100 length 
136800 
000464 factor 


l 63.47 52 ale gall. anſwer 


Sliding- rule. Firſt find 18 a mean pro- 
portional between 27 and 12, as alſo 12, 
one between 18 and 8, then, as 46,41 on 
D: 1000n C:: the two mean proportionals 
18 and 12 and 30 their ſum, on D: & 
on C, whoſe ſum is 63,5 the anſwer. 


proportional between 27 and 
12, the length and breadth 
of the greater baſe, and alſo 
I2, a mean proportional be. 
tween 18 and 8, the length 
and breadth of the leſs baſe, 
which mean proportionalg 
18 and 12 in one ſum gives 


Sliding-rule. If you multiply 
359,05 by 6 the ſquare root of 
the product 2154,3 is 46,41 2 
conſtant gauge point for all coni- 
cal fruſtums ale gallons, fo as 
46,41 on D: 100 on C:: the 
two diameters 18 and 12, and 
their ſum 30 on D: 14,9 and 
67 gry on C whole ſumis 
63,5 ale gallons for the anſwer, 


359 
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Ex. 294. If the axis of a ſphere be 20 inches, how many ale gallons 
- will it hold? | | | | 
1. The greateſt diameter in a ſphere is that thro? its center, which 
is equal to its axis (viz. HIS AP fig, 170.) and the leaſt diameter 
(as at A or at P) S o, and G For K La diameter in the middle be- 
tween theſe two, now K L doubled and ſquared, or 4 times q. K L 
or GF is (by the property of a circle or by meaſuring) 3 times the 
ſq. of the greateſt diameter H I or axis A P. So by rule 43. 


. a 0: o XxX $5 WW a@& Xmas Re 


; o = ſq. leaſt diam. Sliding - rule. By the opera- 
2 | 10000 = 1q. great diam. tion you ſee that the ſum is = 
30000 = 4 times {q. mid. diam. 4 times the ſq. of the axis, i. e. 


x = twice the axis ſquared, ſo it 
2 on: will be, As 46,41 on D: 100 
. 4 4 the axis or length on C:: 200 
18, 560090 twice the diameter or axis on 
. | 100 length or axis D: 1856 on C. anſwer. 
5 1856 ale gallons anſwer | . 
y Ex. 295. If KL (fig. 170, or fig. 180) be a bowl, bottom of a 
of kettle, &c. whoſe depth D P is 15 inches, diameter K L 60 inches, 
1 diameter at P g o, and middle diameter mn 40 inches, what ale gal - 
4 lons will it hold? By rule 43. 
as 8 
* 6400 =ſq. 2 mn, or =4 times ſq. mn Sliding · rule. 
id 3600=1q. KL As 46,410n D: 15 on C:: 
id 6 = 1q. atP 60 and 80 (twice 40) 3 
1 and 44, 5 on C, whoſe ſum is 69 
l ES _ p ale gallons for the anſwer. 3 
N 150000 
* 000464 factor 
F 69,600000 A G. anſwer 
296. I have wrought each of theſe examples by rule 43, which has 
* turned out the very ſame anſwers as if you had uſed their particular 


4 rules in ſection 6. This ſaid rule 43 is as extenſive in gauging as in 
meaſuring, See ſection 6. 
297. Lou may find the wine and malt, or any other gauge points, 
as the ale one is found in ex. 288 and 292, which if marked on the line 
D, inſtead of the common gauge points A G, WG, MR, &c. would 
be of general uſe in gauging, for any round veſſel what ever may be 
done by this general | | 


S8 
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Rule 59. As the gauge point on Dis to the depth on C ſo is a diam. 
at each end and twice one in the middle an D, to 3 ſuch numbers on C, 
as being added together, gives the required content, or you may take 
the diameters in gallons (ſee ex. 282) and the depth in inches, and then 
the gauge point on the line D wilf be unity, and'fo wilfbe eafier. In 
ſhort, take dimenſions either this way or all in inches. This noble rule 
is ſufficient for the whole of gauging, for the error ariſing by gueſſing 
at the veſſels form, may be mach greater than can happen by this rule; 
in the moſt common ſorts of veſſels it gives the content exactly, and in 
any form very near as is proved in prob. 190. 2 


How to gauge malt. 


_ The Duty upon malt is charged at ſixpence the Wincheſter buſhel 
of 21 59,42 ſolid inches, ſo that what form ſoever the ſurface of the malt 
lie in, whether flor, ciſtern, eouch, &c. find the content of that form 
at one inch deep in malt buſhels, which multiplied by the depth in in- 
ches gives the content in ſuch buſhels, And here obſerve, that. malt 


being a dry ſubſtance, willnot like liquor have an even ſurface, alſo te 


bottom of the floor &c. may be uneven, Nom to.remedy all this you 
mult take the depth or thickneſs of the malt in 6, 8, or 10 places or 
more if needful (particularly, obſerve to take it where you judge it to 
be thickeſt, and alſo where thinneſt, ſee rule 24, ) then the ſum of theſe 
depths divided by their number, will give the mean depth. 


Ex. 298. There is a rectangulat floor of malt, length 72 inches, 


, | + 75 
kreadth 48 inches, and the 3 5 depth is 7 5,6 > the cant. in mal 


5,4 | inches, what is 
4 4,9 | buſhels ? 
Ls 40 
number of depths 5) 25, o ſum depths 

5 mean depth 

72 length 17280 content in inches 

48 breadth ,005465 mul. for MB. 

3456 8,035 200 malt buſhels anſwer 
17280 ſolid inches 


By the fliding-rule, Firſt, as 48 on H: 48 on C:: 72 on C: 58,7 | 


on D a mean propor. between 49 and 72, then as the gauge point MS 
46.37 on D: 5 the mean depth on C:: 58, on P: 8,04— on C, the 
anſwer. Otherwiſe, Set the length 5 2 on B to the breadth 48 on M D 
then againſt the mean depth 5 on A ſtands the content 8,04 


— as Yon woes od 5 


R © = 
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on B, This line M D, with the lines B A, are for gauging rectangular 
floors of malt, for malt lies moſtly on ſuch floors, its uſe (viz, the uſę 
of the line M D) in ſuch caſes turn one of the dimenſions into a diviſor 
malt meaſure. (See ex. 106) Now when the figure 100 M D denotes 
1, then the braſs p in M B over againſt it on A denotes 2150,42 the 
cubic inches in a malt buſhel, by which means the leaſt number that can 
be on A is 100 (viz. the firſt 1 on A is 100) but if this firſt one be 1, 
then the line A mult be divided by 1co, and when A is divided by 100 
then Band M D muſt be divided by two ſuch numbers as being multi- 
plied together may produce 100, i. e. the diviſor for A, and the product 
of the diviſors for B and M D being equal, the fourth number found 
on B will be the content in malt buſhels as is plain by ex. 253. Then 
thisis the | 

Rule. As the length on B is tothe breadth on M ſo is the depth 
on A to the malt buſhels on B, the dimenſions being all in inches. 


Ex. 299. If the breadth of a couch), floor &c. be 56, 2 inches, length 


270, and mean depth 5, 2 inches, how many malt buſhels is in thay 
priſm, 


Sliding-rule, Here that 5,2 the depth, may be found on A, the firſt 
1 on A may be either 1 or o, i, ſuppoſe it = 1, then the ſecond l B 


A is divided by 100 viz. 2150, 42 becomes 21.504 2, ſo the length 270 


and breadth 56, 2 being each divided by 10 (becauſe 10 times 10 is 100 


the diviſor of A) will be 27 and 5,62. Therefore, as 27 on B: 5,62 
on M D:: 5, 2 on A: 36,7 on B anſwer, 

Ex. 300. If the breadth be 72, length 140, and depth 18, 2. Here 
if the firſt 1 on A denotes 1, then the tecond MB 2150, 42, on A will 
be 21,5042, ſo the diviſor of A being = 1oo, the product of the divi- 
ſors of the length 140 on B and breadth 72 on M Þ mutt alſo be 100, 


ſo let each of 140 and 72 be divided by 10, and they'll be 14 and 7, 2 


then as 140nB::7,20nMD:; 18,200 A: 85,3 on B the buſhels 
required, 


Ex. 301. Let the length be 1250, breadth 360 and depth 9 all in 


inches. 


Let the firſt 1 on A be o, 1, then the ſecond M B 2150, 42 on A will 
be 2, 15042, ſo A is divided by 1000. Therefore, let 1250 be divi- 
ded by 10 and 360 by 100 (becauſe 10 x by 100 = 1c00) and they'l} 
become 125 and 3,6. Then as 125 on B: 3,6 on M D:: 9 on A: 


1884 duſhels on B the anſwer. Theſe three examples are ſufficient to 


ue the uſe of the line M D, they or any ſuch like may alſo be wroughy 


4s EX, 298, by the right lined malt gauge point M S. 


* * 
* 


meter is 72 inches, ſhorteſt diam. 48 inches, and mean depth 5 inche, 


and bears that name till it hath been 30 hours out of the ciſtern, buli 


it is double to what it was before being wet, it is then called a flog, 


. muſt write a reaſon for, damaged barley &c. for ſuch barley will as 
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Ex. 302. There is an elliptical ciſtern of malt, whoſe longeſt gy, 


how many malt buſhels. 
72 f 2% 

48 Sliding -rule. As MR 52,32 on D:;6 

3456 _ | C:: 58,7 (a mean propor. between 52 u 

,000365 factor 48) on D: 6,3 buſhels on C, anſwer. 


0 


1, 26044 a 
5 depth 
and. 6,3022 MB. : | | 
303. When barley is wet, or ſteeped in the ciſtern, it ſwells out: 
bout a fifth part (or more if its very good corn) it is then called a coug 


it has been out above 30 hours, then on account of its ſprouting . 


and fo continues till it come to the kiln to be dried. Now from th; 
ciſtern to the couch there is an allowance of; o, 2, which taken fron 
1 leaves o, 8. Hence if any number of couch buſhels be multiplied by 
©,8 it will give the nett buſhels. But from the couch to the floor then 
is allowed 4. Therefore any number of floor buſhels multiplicd by 
©,5 gives the nett buſhels. 

The law having thus given the allowance of 4 buſhels in 20, on the 
ciſtern and couch gauges, and 10 in 20 on the floor; if therefore u 
officer do not advance in his gauges according to theſe proportions he 
may expect his ſuperyiſor will diary him for ſuch a fault, for this you 


hold out to ſuch allowances, tha' good barley will exceed them. 

Ex. 304. If a ciſtern's gauge of dry barley (or however very ſon 
after it is wet) be 13,8 buſhels, and the beſt couch gauge you cangt 
be 15 buſhels, whether does it anſwer the allowance or not. 


Here the allowance * of 13,8 is = 2,76, and 13,8 from 15 lena 
1, 2 which ſhould be 2,76, therefore it is too little by 1,56, i. e. 2,7 
added to 13,8 gives 16,56 for the couch gauge, inſtead of 15 81 
was gauged to. 

Ex. 305. If a floor gauge be 100,8, and the beſt couch gauge be 
63,6 which will afford the moſt duty? Here (by ex. 303,) a fot 
gauge is multiplied by, 5, and a couch gauge is multiplied by, &, nov 
to recuce theſe two factors to one factor, (ſee ex. 290) it will be 0 
o, 8 = 0,625, by which multiply a floor gauge and it will be equi 
the ſame ina couch gauge, or, 8,5 = 1,6, by which multiply a cout 
gauge, and it will be equal to the ſame in a floor gauge. 80 100,5) 
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$45 = 63 buſhels the couch gauge to the floor 100,8; but this couch 
was gauged to 63,6 buſhels, ſo the duty mult be upon the couch. 


From theſe things, you may learn that malt is to be gauged ſeveral 
times while it is in making, 


How to gauge any tun, tub, back, cooler, &c. 

Theſe veſſels are of various'forms, as priſms, fruſtums of cones and 
pyramids, cylinders, cylinderoids, &c, any of which may be gauged by 
the general rule 43, as applied to the foregoing examples, ſo in this 
place I ſhall only ſhew the inching of ſuch veſſels viz. to find how much 
liquorthey will holdat every, or any inch of depth, which being known 
and ſet down in a table, you may by putting a ſtick into the veſſel and 
ſeeing the wet inches, know by your table what liquor is in the veſſel 
in gallons, &c. © 

306. When the bottom of any ſuch veſſel is parallel to the horizon, 
or exactly level, its called an upright veſſel, but otherwiſe an inclined 
one. | 
307. What liquor is required to cover every part of the bottom of 
an inclined tun, is called the drip, or fall of the tun, ſo G A P is the 
drip of the tun, AGBC. Fig. 181. 8 8 

308. That horizontal line D G that touches the higheſt part G of 
the bottom A G, is called the horizontal baſe, and another line C g 
parallel to D G, touching the loweſt point C of the top C B is called 
the horizontal end. | 

09. If from C any point in the horizontal end a perpendicular C D 
be let fall upon the horizontal baſe G P it is called the height of the 
tun, 
310, The ends of tuns are ſaid to be parallely - poſited, when the 
length of the one end is parallel to either the length or breadth of the 
other end, and the breadth of one end parallel to either length or 
breadth of the other end, and ifit be an elliptical tun we may for bre- 
rity's fake call the tranſverſe diameter the greateſt length, and the 
conjugate the greateſt breadth ofthe baſes or ends. : 

Ex. 311, Let there be an ellipnical upright parallel-poſited tun, 
tub, &c, length at top 65, breadth there 60, length at bottom 110, 
breadth there 100, and the whole depth 12 all in inches, to find the 
content at every inch deep. | 


Firlt, to find the diameters at every inch deep, you may meaſure 


them in the veſſel itſelf, or find them by this rule (from the nature of 


the cone viz.) as the height of the tun 12 1s to . the difference 


* 
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| 2 lengths 110 and 65 : 
between the two Fe. dths 100 and 60 | ſo is any propoſed depth i 


to ] a, | the difference betweenthe ; — at 12 and 11 in- 
ches height, now theſe diſſcrences being found for 1 inch, you mayby 
continually adding 3,75 the difference of the lengths te 65 the leſſer 
length, have all the lengths, and by continually adding 34 to 60, hare 
all the breadths as in the ſecond and third columns in the following 
table, for the above proportion holds for any depth, end thus having 
ſet down all the dimenſions you may by rule 44 find all the contents x 
ſet down in the 4th column which reſpectively taken from 238,959; 
the content of the whole tun, leaves the contents in the 5th column, 
but having by the ſaid rule 44, found the 3 firſt contents 11,4884 and 
© 24,2766 and 38,4340, you may with more eaſe find all the reſt, than 
by the ſaid rule, thus (by theorem 127) take any 3 contiguous contents 
and divide each by its dry inches, take the ſecond quotient from the 
third, add 3 times the remainder to the firſt quotient, multiply the 
ſum by the dry inches belonging to the required content, the product 
will be that content, Now the dry inches of the 3 above contents are 
1 and 2 and 3, and the dry inches of theſe following will be 4, 5, 6, 
&c. ſo 11,4884 — 1 (its dry inches) = 11,4884 and 24,2766 + 2 
12,1383, and 38,4340 + 3 = 12,8113 from which take 12,138; 
leaves „6730 which tripled is 2,019, this added to 11,4884 gives 
13,5074, this multiplied by 4 gives 54,0305 fere, for the 4th content, 
Again 13504 being =the ꝗth content + 4, from it take 12,8113, the 
3d content — its dry inches 3 leaves ,6927 whoſe triple is 2,8781 this 
added to 12,1333 (the 2d content divided its dry inches 2) gives 
14.2164, this multiphed 5 its dry inches gives 71,0820 or 71,1355 by 
carrying the decimal on further, and thus taking the 3 laſt content 
38,4304 and 54,0305 and 71,1355, dividing each by its dry inches 
3, 4, 5, and ſo on as per rule, &c. &c. You may ſoon compleat the 
table, or by taking any 3 contents together in ſuch a table you may 
ſoon prove the 4th content, whether right or not, the 3 ſirſt contents 
are by rule 44 tourd, 


Thus: 65 X 2 ＋ 683 4 60 + 684 x 2+ 65 x 63+: x ,000464= 
11,4884 A. G. 


2d.:065X 2 4 7221 X 60 472% X 2 + 65 X 663 : XK ,000404 
= 24,2766 A. G. 


3d. 65 x 2 + 764 x 60 £764 X2+65 X 70: x ,000464 
| — 38,4340 A. G. , 
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fn this manner you may find all the contents, but the above method 
+ much caiier, The uſe of this table is eaſy, thus ſuppoſe you. come 


to the above tun and find 7 inches wet, then looking in the table under 


wet inches and againſt 7 I find under content from the bottom 167,8240 


ale gallons in the tun, or under content from the top, I find 71,1355 


ale gallons which if wants of being full. 


A TAB L E ſhewing the content in ale gallons to every inch 
of depth in the upright tun Ey n C. Fig. 181. 


ry Content Content from Wet 
Inches. | Lengt *. | Breadrhs | fromtopCn | bottom E y | Inches 
O 65 66 ᷣ {© 238,9595 12 
1 68,75 63% | 11,4884 — 11 | 
2 72,5 } 664 24,2766 214,6829 10 
3 | 76-25] 70 38,4340 | 209,5255 9 
4 | 80 | 73; ©} $4,0305 184,9290 8 
5 83,75 763 71,1355 167,8240 7 
6 7,5 } 85 89,8187 149, 1408 6 
7 91,25 834 110,1497 128, 8098 5 
8 | 95 J 86; (132.1982 | 106,7617 4 
9 | 98,75] 90 156,03338 | 82,9257 |. 3 
10 | 1025 | 937 | 181,7262 $72333 - 
11 | 106,25 964% 209, 3446 29,6147 I 
n | 100 238,0595 20 as: 


312. But all ſuch tuns are ſet to lean a little, for the benefit of clean · 
ing them &c. and alſo have a conſtant point the eaſieſt to come at, 
fixt for taking the wet or dry inches, called the dipping place. Now 
to ſhew how ſuch inclined tuns may be inched, let us ſuppoſe that we 
have juſt now inched the upright tun CE yn (fig. 181) whoſe height 
CE=ny=12 inches, and the ſeveral contents are as in the above 
table, and let it be required to inch the inclining tun A C B G or rather 
q C AG, becauſe the plane C q being parallel to the horizon the 
veſſel can hold no liquor above the point q, and ſo the hoof qC B 
need not be regarded, ſuppoſe the dipping place to be at n, and let z y. 
the diſtance between G D and A F, the horizontal baſe and bottom 
of the tun be 2 inches, and let the hoof A P G, or the quantity of li- 
quor juſt covering all the bottom of the veſſel at G, be 15 ale gallons, 
lo when the wet inches are 2, there is in the tun 15 gallons. This 
quantity of liquor is commonly meaſured into the tun with a gallon &c. 
jult to cover the bottom and every gallon marked as you pour it in on 
your rule (as by ex 261,) then the dimenſions taken parallel to the 
ſurſace of the liquor at top C q, and cloſe by it at bottom G P, and 
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the depth n 2 perpendicular thereunto, ſo that if a circular veſſel lean 
to one fide, the ſurface of the liquor will be an oval and the contrary, 
now if we ſuppoſe the diameters at C q and G , and the depth n 2 
to be the ſame as before, we ſhall by the aboye method have this ta- 
ble, whoſe uſe is the ſame as before. | | 
Ex. 313 If the wet inches be 7 what liquor is then in the tun? Here 
under content from ale gallons and againſt 7, under wet inches ſtands 
143, 8098 A G. the anſwer, Alſo, if the dry inches be 7, then the tun 
wants 89,8187 A G. of being full, c. for any other | 
A TAB L E, of contents in A G. to every inch of depth in 
4 the inclin'd tun A Gq C. Fig. ip OA 


"Dr 3 e, 25 Tontent "Content T Wer 
Inches. wenge os: Breadths fromCq | fromAG. | lt 
14 65. j- 60 -| © |-253,0595 | 14 
2 684 63% 11,4884 | 2424711 13 
3 724 663 24,2766 | 229,6829 12 
4 764 *] 70 38,4349 | 21555255 I 
5 80 73s 54-0305 | 199,9290 10 
6 834 767 71,1355 182,824 9 
z 87% 80 89,8187 | 164,1408 
917 833 | 110,1497 | 143,8098 7 
9 95 864 132,982 121,613 6 
10 884 | go | 156,0338 | 97,9215 | 5 
it | 1023 93% 181,7262 72,2333 | 4 | 
12 | 1065 96x 209, 3448 44,6147 3 
13 l 110 | 100 | 238,9595 1 2 


314. Backs or coolers, are often very broad and not deep, that ſo 
the worts, &c. in them may ſooner cool, they generally are of a priſ- 
matic form, and often have uneven bottoms, in fuch caſes you muſt 
take the depths or dips is ſeveral places (as directed in ex. 298) and 
fo find a mean depth ; then fix a point in the cooler for adipping place, 
as that the depth there taken, may be equal to this mean depth: but 
if this cannot be done you muſt make a juſt allowance for the differ- 
ence ; ſuch large bottomed veſſels are commonly taken at every tenth 

rt of an inch, and if they are priſmatic veſſels, it is very eaſy to do: 

or (by the foregoing examples) you need bur find the content at one 
zjach deep, and one tenth of this content will be that of one tenth of 
an inch deep, &c. for any number of tenths: in ſuch caſes you need 
no table of contents &c. for the area at the ſurface being known (and 
every where equal between top and bottom, ) this area multiplied by 
the depth in wet inches and parts of an inch, will give the content cc 


10 8 r "TH 
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Ex. 15. Let there be a priſmatic back, length 140 inches, breadth 
120, depths at 10 ſeveral places in inches as here follow. 


No depth 140 length 
I 5,1] © | 120 breadth 
2 4 5 9. 282 ) 16800 16800 area baſe 
: 5,2 | 2Y | $9457 AG, at 1 inch deep 
5 4,6 + 2 FRY | propoſed depth _ _ 
6 4-9 E 7 41 41,099 A G. at 0,7 inch deep. 

5412 

8 17 3. 41,699 

9 4 - And thus you may find the content it 

10 4.9 any depth you pleaſe 

No dep 10) 48, fum — 
1 6 4,39 mean depth 


Ex. 316. Again, ſuppoſe you come ſometime to this cooler and find 
the depth 1,2 wet inches, what ale gallons are then in it ? 


59-57 cooler at one inch deep 


71, * ale gallons anſwer 
317. In ſach veſſels, there is always a point (the eaflell to be come at) 
in the edge of the veſſel marked for the conſtant dipping place, and if 
in the laſt example you find the depth at the dipping place to be 5 inches 
then from this 5 you muſt take the mean depth 4,89 and there leaves 
0,11 inches ſo that you mult always take this 0,11 from the wet inch - 


es taken at this dipping place, and the aforeſaid content 59,57 multi- 


plied by the remainder gives the true content of liquor in the cooler: 
but if the mean depth exceed that taken at the dipping place, then the 
difference mult be added to the wet inches taken there, as is eaſy to 
underſtand. 

318. This will do for backs coolers &c. whoſe baſes are equal, and 
their ſides ſtreight, but if they be otherwiſe you mult (by ex. 311 &c.) 
find the content to every inch deep, if you would be very exact, but 
the common way is to take or find the dimenſions in the middle of every 
inch (tho' ſome take them in the middle of every 2, 3, 4, &c. inches) 
and ſo get a mean area, for one inch deep, and ſo proceeding for every 
inch of depth you'll hive a table as in ex, 311. 

319. Theſe veſſels are very readily inch'd by the lines on the inſide 
of the two ſliders (ſee ex. 258) If they are circular and their diameters 
between 12 and 36 inches. Thus, put the ſliding · rule in the middle 
of every inch of depth to take the greateſt breadth or diameter, putting 
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put the ſlider, or both ſliders, to the oppoſite ſides of the veſſel, they 
by looking the underſides of theſe {liders you have the diamete? there 
doth in inches and ale gallons, at one inch deep. 

320. If theſe veſſels are not quite circular but very near fo, you may 
take the greateſt and leaſt diameters (each thro' the middle of the veſ- 
ſel) and half their ſum may be taken as a mean content. If the diam- 
eter is but 12 inches it is had by the ſliding · rule its ſelf becauſe it is 
12 inches in length, if the diameter be between 12 and 24 inches, it is 
had by drawing one ſlider, but if above 24 inches you muſt draw out 
both fliders, the gallons on the inſides of theſe ſliders, are found by ex, 
277. Thus if the diameter of a circle be 13, 4 its content will be 0,5 
A G. ſo againſt 13,4 inches you ſet o, 5 on the line of gallons &c. for 
any other, . 

321. It is found by tryal that every 10 gallons of hot wort will be 
but 9 gallons when cold; therefore it will always be as 1 is to o, 9ꝙ fo 
is any gauge of hot wort to the nett wort, fo if a hot gauge be 90,3, 
then, As 1 : 90,3 : : 0,9 : $1,3 the nett content &c. for any other. 


To gauge curve-lined tuns, as coppers, ſtills, &c, 

322 The common way to gauge theſe veſſels, is thus, take croſs 
diameters or dimenſions by which you can have the area or contentin 
the middle of every 4, 6, or 8 inches of depth, and this area multiplied 
by that height gives the content of that part nearly, and thus having 
found the content to every 6 &c. inches deep, the ſum of all theſe con- 
tents muſt be that of the copper, all except the crown whoſe content 
may be had by ex. 295, or by meaſuring it with water by an ale quart. 

323. Otherwiſe by rule 43, take croſs diameters &c. at the top of 
the copper, top of the- crown, and middle between them, if the cop- 
per have but one bulge viz. be as one fruſtum, but if it be as ſeveral 
_ ©; fruſtums take ſuch diameters for every fruſtum, and height thereof; 

and fo find the content by the ſaid univerſal 

Rule 43. Then its plain, the ſym of theſe contents will be that 
required. 

_ 324. Let dd H H (fig. 129) be a copper with a riſing crown 
de H, which is covered up to the diameter d q with 92,8 gallons, 
Gable the top diameter HL D (to be the greateſt) = 115 inches, the 
bottom diameter viz. that over the crown to be degrees, the leaſt = 
96 inches, the depth e L = 30 inches, and diameters in the middle % 
every 6 inches depth to be as in the following table. 
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To find the content the common way, the copper being circular. 


Bum of contents = 928,02 
Gallons to cover the crown 92.8 
Coppers content 


Diameter in the mid- | Content of every 6 inches 
| tache depth | dle of every 6 inches depth in ale 2 
6 113,1 213 72 
6 109, 2 199, 26 
6 105,28 135,16 
6 101,36 171.66 
6 9733 | 158,22 


4435-47 =1q.2DB 


66776, 41 ſum 
30 = depth eL 


92.8 


1022,327 + A. G. anſwer 


Theſe contents in the 3d column are very readily had by the liding- 
role. Thus, As the gauge point AG on is to 6 the common depth 
on C ſo is each diameter in the ſccond column on D to the content on 
Cas per third column, which third column in one ſum is 928,02 A G. 
the content of the copper above the top of its crown, to which add 
92,8 AG, the liquo that covers the crown and you have 1020, 8 : ale 
gallons the content of the whole copper. To do this by rule 43 there 
wants a diameter in the middle between ꝗ d and H d, which by the 
table you ſee is 105,28 =D B, Then | 
2003292,3 

,000404 =x © 


325. A diameter taken in the middle of every 6 &c. inches cannot be 
a true mean diameter even if the veſſel be conical (ſee rule 41.) much 
leſs ſo if the veſſel is curve-lined as a copper, &c 
thus found muſt be ſome what tao little, and therefore that found by 
the general rule 43 muſt be truer, i. e. 1022,327 +1is a truer content 
than 1026,82 and is much eaſier had. | 


Ex. 326. Letd d H H (fig. 129) be an elliptical bas d copper, whoſe 
greateſt bulge or wideneſs is at D B out of the middle of the copper 
and the crown d E H C to bend outward. Such veſſels as theſe whoſe 
greateſt bulge is not in the middle, nor at top or bottom, mult be 
meaſured at twice like two different fruſtums, thus, take two croſs diam» 


eters 89 and 89, 5 at D B the greateſt bulge, two at L 80,5 and 80,8 


Hence the content 
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the top two at a 85,5 and 86 inthe middle between Land a, by which 
and the length Lb 15, (by rule 43.) find the contem of the fruſtum 
DB Hd. Again, find two croſs diameters 83 and 83,5 at E where 
the crown begins; allo two 86,5 and 87 at g in the middle between 
and b, which the length 21 E b (by rule 43) find the content of the 
truſtum B Dd E H. which two fruſtums added to the content of the 
gown d C H, gives the content required. 


- Suppoſe that the crown d C H hold 32 ale gallons, Then 


diameter at L 80, 5 ＋ 80,8 6502, 

JESS diameter at b 89,5 + $9 7565. 
4 fumes diam. at a 85.8 +8644 2 29412,0 
ſum = 43881, 

15=Lb 

— — 

; 658228,5 
inverted factor, 0% = 464000,0 _ 

26329 

3949 
263 
content of BDd LH = 305,1 

Again 


product of the bottom, diam. 83 + 85, 6930, 5 
Product of diam, at g, 4 times 86,5 + 87 + 4 30102, o 
diameter at b 89,5 + 89 = 79655 7965.5 
lum 44998, 0 Ws 
21 =Eb 

944088, 
inverted factor 464000, 0 

5 — ————_ 
content of D B E = 438,460 


content of BD L = 305,41 
content of the crown d CH = 32,00 


content of the whole copper = 775,87 Tum 


327. If you meet with a ſtill or any veſſel that hath two bulges, you 
muit conſider it as 3 fruſtums &c. The contents of ſtills are given in 
wine gzlions, and therefore in ſuch caſe you muſt multiply by the fac- 
tor for wine gallons inſtead of that for ale i. e. by „5666 = þ of 
03399, inſtead of ,000464 = $ of ,002785, all elſe is the very ſame, 
The globical part of a ſtill &. may be ſoon had by rule go. More ex- 
amples might be added, but I think theſe ſuſſicient, to any one that is 
acquainted with rule 43, and what is ſaid about it in this work. 


_ 27 a a 
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Of caſk gauging. 

328. Every cat is ſuppoſed to be made up of two equal fruſtums 
(or one middle zone) join d together at their greater baſes whoſe 
common diameter B D (fig. 182,) is called the bung diameter, the 
diameters UH = d H, at the leſſer baſes are called head diameters 
and EL their joint lengths (viz. CL=CE) is called the caſks length, 
ſo when you come to gauge a caſk, take the bung diameter exactly in 
the middle at C and ſee it the two head ones be equal, which if they 
be, it may be gauged as one fruſtum, by uſing L E to both fruſtums 
inſtead of C E or C L to one of them, But it the head diameters are 
unequal you muſt gauge the caſł at twice viz. cuch ſide of B D as on 
ſiogle fruſtum. | 

329. Several caſſes may have the ſame length, bung and head diam · 
eters, and yet have different contents on account of their different 
curvatures as is plain by fig. 182, for the caſk G G, will hold more 


than the calk g g, tho' they both have the ſame dimenſions B D and 


Hd and L E, for this reaſon caſks are divided into 6 forms or varieties 
as you'll ſee in what follows, ſome have but the 4 varicties mentioned 
in prob. 187, amongſt which in caſk gauging the 4th form may be leſt 
out, for no caſk can have its ſtaves ſtreight from head to bung, never · 
thelefs the rules are applicable to conical fruſtums. | 


(1] ſpheroid | 
circular 2 
SRO parabolic ſpindle 
2 47 fruttums caquilateral hyp. ſpindle 
15 of a | parabolic conoid 
| [ cone 
Theſe forms are ſet down according as they curve, the firſt yaritty 
curving moſt, the ſecond next moſt, and fo on to the laſt which hath its 
ſtaves ſtreight from bung to head. | * 


330. Now to find the content of a caſk in each form or variety, and 
ke which holds moſt, let us ſuppoſe each to have the ſame dimenſions 
viz, length LE (fig. 182) 40 inches, bung diameter B D = za in · 
ches, head diameter H d = 26 inches. 
=y for variety firlt; being a ſpheroidical caſk, this is done by 

49+ 
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. , Thus 32 % 32 2 = 20.8 = twice ſq. bung diam. 
4 | | 26 x 26 = 676 = {q. head diameter 
ſum = 2724 ; q 
length 40 Again, ſor wine 
108960 108960 


inverted factor $429000,0 Or, = 3331100,0 


ale galions = 101,15 WG. =123,49 

Here 259,95 X 3 = 1077.15 a diviſor for ale gallons, Alſo, 
294.2 X 3 = $82.36 that for wine, whoſe ſquare roots are 32,82 
and 29,7. ſo by the 


Sliding - rule for ale gallons. As 32,82 on D: 40 00 C:: 32 and 26 
on D: 38,03 and 25, 1 on C, ſo twice 38,03= 76,06 added to 25,1 
gives 101,16 A. G. | 


If vou would have wine gallons, uſe the gauge point 29,7, the fac - 
tors .oe09284 for A G. and ,0011333 for W G. are had by ex. 271 
or by multiplying 359,05 by o. 2618 and 294. 12 by o, 2618. See ex. 
184 and 290. 


Ex. 331. For the ſecond variety, or chat of the circular ſpindle. 


Rule 60. From the ſum of the ſquares of the length and head diam- 
eter, take the ſquare of the bung diameter, the remainder multiplied 
by 14 times the ſquare of the difference of the diameters is a dividend, 
and 35 times the ſquare of the length, added to 5 times the iquate of 
the difference of the diameters, is a diviſor, get the quotient and 
multiply the difference between it, and the ſum of twice the ſquare 
of the bung diameter and ſquare of the head diameter, by the caſk's 


length, and that product multiply by 3 — For divide by 


1077, 15 D ale 
. for EN gallons. or by the 


Sliding-rule. As J 20. f fer W C. Þ on D is to the cafls length on 

C ſois the bung and head diameters, and their difference on D to 3 
ſuch numbers on C, that if to the ſecond you add twice the firſt and from 
that ſum take 0,3 of the third, there will leave the content nearly. 


All from theorem 95 &c. the diameters being 32 and 26, their differ- 
ence will be 6. So per laſt rule, 


* 
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1600 = ſq. 40 Ed 356000 = 35 times ſq. 40 
862284 add 180 = 5 times ſq. 6 


ſub. 1024 =1q. 32 BD f 56180)631008 
1252 take 11, 232 quotient 
504 = 194. 6 14 from 2724 ſq. 26 added to 2 ſq. 32 
631008 = the dividend 27127768 | 
Again for W. G. EL 

1085 10.7 20 5 1085 10,72 
2331 100,0 = ,00113 invert. en not ated invert, 

108511 95 660 

10851 — 

3255 868 

326 43 

7 | 100,741 A. G. 
WG. 2 122,% 


sliding - rule, for wine gallons. As 29,7 on D: 40 onC : : 32 and 
26 and 6 o D: 46,42 and 30,64 and 1,63 on C, fo 92,84 (twice 
46,42) added to 30, 64 gives 123,48, from which take 0,49 ( = 0,3 
of 1,63) leaves 122,99 wine gallons &c. for ale gallons. 


Ex. 332. For variety third viz. that of a parabolic ſpindle, done 
rule 56. 


1024 Again, for W 6. 
— 14. 32 , 108 384, 00 
676 {q. 26 inv. factor 33331 100% 
2724 ſum 108384 
ſub. 14,4 = 0,4 * 36 108 8 
moos | 3252 
iy” = length 327 
OO. ar” 33 
108384,0 | 3 
$229000.0 inverted factor W. g. = 122,835 | 
97546 Sliding-rule, for wine gallons. As 29,7 
2168 on D: goon C:: 32 and 26 and 6 (their 
867 difference) on D: 46,42 and 30, 64 and 1,63 
2 on C, ſo twice 46,42 added to 30, 64 and 


the ſum leſſen d by o, 4 of 1,63, gl laſt 
100 6 y 0,4 07 1,03, gives at 
= 4.6 122,83 W. G. &c. for A. G. 4 


* 
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Ex. 333. For the fourth varieey, or that of an equilateral hyper- 
bolic ſpindle. 

Rule 61. To the ſq. of the length add the difference ofthe ſquares 
of the bung and head diameters ; this multiphed by 14 times che ſquate 
of the difference of the diameters is a dividend, from 35 times the 
ſquare of the length take 5 times the ſquare of the difference of the 
diameters, the remainder is diviſor, take the difference between the 
quotient of this diviſion and the ſum of twice the ſquare of the bung 
diameter added to the ſquare of the head diameter, and multiply it by 
the ſame factors for the ſame meaſure as in the laſt cxample, or divide 
by the ſame divifors 1077, 18, or 882, 35, for wine. (Theo: 9 


1600 = {q. 40 56000 = 35 times ſq. 40 
1024 =1q. 3 take 180 = 5 times ſq. 6 
| 2624 "2624 ſum 55820 diviſor 
fab. 676 _ 676 =1q. 32 IIs! $5820)981792 
1948 take 17 17,59 quoriem 
mul. 504 = 14 x {9.6 from 2724 = twice ſq, J. 
1792 dividend 2706, 41 
N h 5=lengh 
„ for ale. A 32,92 1 


on D: 400n C 1 32 and 26 ad 

6on D: 38,03 and 25, 1 and 1 340 . kf, ALK for W. G. 
on E, ſo twice 38, og added to 25,1 108256 
and leſſened by 3 of 1,34 gives (at 10826 
laſt 100, 49 A. G. 3248 


cc. for A. C. 100,505, 
Ex. 334. Fornhe 5th variety Viz, two = 6 
conoid; here by: _ 
18,1 7 wy 
Rule 54. ne vis, twice 
46 oe] $ @ the aon vin be ,0013925 ad ,0017 and gauge 


points 26,8 and 24435. 


ann A IS 


= 
y A , — 
* "* N 
. 
* . - 
: 
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1024 fq. 32 wy 
REL 26 427% (en D. qomC:: 32 
ſum 1700 1 and 37.6 | 
ä andabonD: 5 2 = 
$,1)65000(94,69 AG, „ {94,7 A. G. 
e 1,22 C, whoſcfum is 27% W. 6. 
115,6 WG. 
Ex. 335. For the 6th variety, viz. two equal fruſtums of a cone, 
By rule 39- 
| 58 = 32 + 26 &A G. = 94,029 
= Pet 
3364 114,74538 W G. | 
ſub. 832 = 32 * 26 i 
2532 15 My nw } 
40 length ., [33-701 W G.] Deal 9 
101280 length 30 on C : : 58 the ſum diameters, 
4829000,0 inv. faftor and 6 their difference on D to two ſuch 1 
91152 | numbers on C, that if to 4 the firſt you a 
2026 add + the ſecond, you'll have the con- 
816 tent. we 
41 


94,029 A G. | | 

336. Theſe are the rules ſet to the ſeveral forms of caſks, except 
rules 60 and 61, which are approximated as directed after theorem 97, 
yet very near true, each form is alſo wrought by the fliding-rule ac» 
cording to the rule by the pen, (except variety 2d and 4th, and thoſe 
% near as can be done eaſily) a method much ſhorter and alfo truer 
than that practiſed by moſt authors on gauging, viz. by the mean dia- 
meters; but that nothing may be wanting in this ſection, take that 
method here. | 


To gauge a caſk by the mean diameter. 


337. Firſt to find the mean diameters by the ſliding - rule (fee ex. 257) 
on the line of inches, find the difference between the bung and head 
Uameters, and againſt it on the line belonging to its variety, you have 
i number which added to the head diameter gives the mean diameter, j 
0 3gunſt 6 on the inches, you have 4,17 againſt ſpheroid, 3,78 againſt 1 
2d variety and 3.39 againſt 3d variety which reſpectively added to 26 q 
— 117 gives 30,17 and 29,78 and 29,39, for the mean ? 

eters of the ſpheroid, parabolic ſpindle and parabolic conaid, 
Nherwiſe, without the rule; 
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®.. 


336 Waun the ane se te bad ad bun dee 


" 69 } [TY 
| pn | | 2 4 

"Y * 75 , | 3 
5525 | * 

Ty: 1 6 


. mean diameter, 
i. e. reduces the caſł to a cylinder of the iame length; hence when 
you have got this mean diameter work with ut and the catks length A 
if you were gauging a cylinder, and you Ii get the anſwer. 

So in the 6 preceeding examples, the difference betweeu the head 
and bung diameters is 6. 


ſ69 4.14) this added f 0,14) a 
s | ,68 |- 20 | to 26, the | — | [1 ; | 
which mul | ,675 | 4,05 f headdiam. } 30,05 } of 3 © | 
tiplied by 67 pe gives 14 02 1 the 30,02 > the \ 4 7 
525 [3 15 | mean * + » 
731 3,66 meter, 29,00 6 


How the multipliers are found, fee theorems 121, 122, 123, 124, 
cc. Now any of theſe mean diameters ſquared, and muluplicd by 


the caſks length, and that product divided by 359,05 gives its conteat 
in a A G. &c. for W G. 


Or by the Sliding-rule, 
he 30, 14 frm) 1) 
G. for ga | ("ng Cnearly f HN 
- 3 30,05 j 100,6 7 on yfor! 3 f 
e 30,02 n P. 100, 5 — y bo 4 [7 
40 on C: Lg | 947 | | J 
29,06 ) ( 94-0 { 6 

By comparing theſe with thoſe 6 foregoing examples done by tht 7 
true rules it appears, theſe contents found by the mean diameters at PS? 
pretty near good, whence the mean diameters in this caſe, found / .. 
the conſtant factors 0,69 and 0,675, &c. are truer than thoſe found ay! 
above by the ſliding - rule. 

338. Thus you have the art of gauging a full caſk, if its form be 
known, but to do that will require more work than the g-uging of i As 
as is plain by theorem 64, 65, and 66. Alſo tho” 6 varieties be iv 2 
on, yet there may be more as appears by fig. 182. But the uſual vi — 

at 


to determine the caſks form is by inſpection, or as near as you thi 
good by looking at it, and indeed is a better rule than the Cooper ® 


Var 18K 757 - 
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in making caſks to be in ſuch forms; hence a caſk may come 
near ſome of theſe varieties by chance, tor there is no other rule for 
it that I know of. 

339. Theſe things conſidered, its evident that this method of caſk 
gauging is at beſt but gueſs work, and therefore to have a more ge- 
neral method, it will be beſt, both in regard of accuracy and readineſs 
in practice. to work by rule 43 which regards all forms alike, and to 
take the 4th dimenſion, or diameter, in the middle between head and 
bung. (See prob. 163.) 

How to gauge any caſſc without regarding its variety 

Ex. 340. Let HB Hd DO d (fig 128) be ſome caſk whoſe length 
LE is 40, bung diameter B D 32, head diameter Hd 26, and a dia- 
meter m G, taken in the middle between the head and bung be 30,4, 


all in inches, to find its content in ale and wine gallons, By the gens» 
eral rule 43. 


1024 = {q. of BD Again for wine gall. 
676 iq. Hd 215865, 60 
3696, 64 =1q. twice M G 70665000, 
5396.6 tum 107933 
40 L 12951 
215865,00 af I 
2404000,5 ſee ex. 295 e 
86346 8 WG. 2 122.339 
12952 ** 46.4 for ale 
863 Sliding - rule, Rule 49. As 5 atop ln 


43 on D:400nC:: 32 and 26 and 608, 


— 19 and 12,8 and68, 
46. = 100,204 (twice 30,4) on D: ; 25 and 16,3 and 83 | 


on C 100,2 ale gallon. 

on I whole ſum is ; 122,3, wine gallons, 
This is the only method to be followed by any caſle gauger, whe» 

ther he take it for eaſe, accuracy, or expedition, I have ſo much every 


where praiſed this rule 43 in this ſection that I think it needleis to ſay 
any more about it, 


To find the ullage of any ſtanding or lying caſk, &c. 


341, It a caſk ſtand upright upon one of its heads, it is called a 
landing caſk, but if it lye with its axis parallel to the horizon, it is 


| called a lying caſk, now what I ſhall do in this place, will be to liad 


vhat quantity of liquor is in a Caſk part full, in each caſe. 


#.% . 
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Ex. 342. Let HH d d (fig. 183) be a caſk of the 3d variety of ths 
ſame dimenſions with thoſe aforeſaid, ſtandir.g upright and filled with 
liquor to q z, wet inches O E 28, or dry inches L O = 12, diameter 
ꝗ ⁊᷑ at the liquors ſurface 31,05, diameter m G inthe middle between 
O and L 29,09, to find the ullage. | 

This is plain by the figure, that itis but to gauge a fiuſtum d tu He 
of the caſk if it be not half full, via. only full to t u, or two unequal 
fruſtums B D d H and BDq 2. if it be above halt full, viz. full to 0, 
whence, if the caſk is above half full it is eaſieſt to find the content of 
the empty part q d LH m z, and take it from the caſks content ſo 
you'll have the content of the full part d h O z H, but if the caſk i 
not half full, it is ſooneſt done by taking the content of that partdty 
HER. Therefore, working (as in ex. 340) with q 2, Hd, m Gand 
Lo, as bung head, middle diameters and length you'll find the con- 
tent of the empty part ꝗ d L Hz to be 27, 949 A G. which taken from 
100, 6 the caſk's content leaves 72,651 A G. in the caſk, very near let 
the variety be what it will. 


To work this example the old way by the lines N and SS on the 
fliding-rule, ſirſt find the content 100,6 of the full caſk, by its variety 
and mean diameter, then as 30 the caſk's length on & is to the radius 
of ſegments 100 on 8 8, ſo is 28 the wet inches on N to a reſervd 
number 91,6 on SS. Again, As 100 on B Is to the whole content 
100,6 on A ſo is the reſerved number 51,6 on B to 72 A G. on 4, 
the liquor in the caſk, nearly 4 of a gallon too little as appears by 
that had by the pen before, 

Note. If you uſe dry inches you'll have the empty content. 


Fx. 343. Let H d d H (hg. 184) repreſent a lying caſk full to 0, 
dung diameter B D 32, head H d 26, Length L E 40 as before; dry 
inches B O = 12 m Ga diameter in the middle between the head and 
bung 30, 5, all given in inches to find the ullage or meaſure of the 
empty pot BYOQ, 

Rule 43. To the ſum of the areas of the ſegments at the bung and 
head, add 4 times the area of the middle diameters ſegment, multiply 
that ſum by the length L EL Q anddivide by 1692 (viz 6 times 282) 
or multiply by ,c0591 for A G. the ſame with ex. 291. It is plat 
by ſig. 128 or by fig. 184, that if from the dry inches B O 12, you 
take H C z half the difference between the bung and head diameters 
there will leave Q H 9 the dry inches at the head, in like manner you 
get mn 11,25 and Q Hg being had, annex 3 cyphers to each and 
divide it by its reſpeRive diameter, ſo you will have 3 verſed-fines, wi 
which enter the table under V S. and write out the 3 numbers agai 
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them under ſegments, (ſee rule 19) and each of theſe 3 numbers fo 


found, multiply'd by the ſquare of its diameter, you'll have the thres 
aforeſaid areas. Thus , 


42 12,000 375 againſt which 269013 Ty 
30,5 C 11-250 5 3684 in the table 263052 


26 9,000 (340 ſtands = 241327 * 
Then this mult. by C 1024 = fq. 32 gives the 275 by 
the ſq. of its diam. 3 3721 = fd. 36,5 F arcaofthe4 97 $1 
(viz.) by 676 q. 26 ſeg. = C 163,137 
ſum 1417,422 
len. 40 
169 2)56696,880 


LI "0 


| quotient 33,5078 AG, 
Now this 33,5078 the meaſure of the empty part LB Q , taken from 
100,624 the full caſks content leaves 67,116 AG. remaining in the 


caſk, if the ſame things were given and the wet inches 12, the work 


would be the very ſame as before, and you would have 43,5078 AG. 
for the content of the full part, 


344. This method of ullaging a ftanding, or a lying caſk by the 
middle diameter may always be uſed where great exactneſs is required, 
but in common practice, as the line SS, on the fliding-rule ſerved to 
ullage a ſtanding caſlc, So the line 8 L on that rule will nearly ullage 
a lying one. Thus, as the bung diameter 32 on N is to 100, on 8 L 
ſois re _ = on N to ; — 5 the reſerved number on 8 L 
Then as 100 on B is to 100, 6 the cafks content on A ſo is the reſerv- 

67, 2 9 on B, to the ul · (67,6 A G. in the caſk | 
ed number j 2.83 lage on A viz. 33,0 A G. drawn out of it 
erring ſo net nag above £ a gallon as per laſt method. 


To find the ullage of a lying caſk by its mean diameter. 
345. By ex. 338, find the mean diameter ſuitable to the caſks form, 
then to twice the wet or dry inches, viz. the leaſt of the two, or to 
either of them when equal ( viz. when the caſl is juſt half full) add 
the mean diameter, and from that ſum take the bung diameter, half 
the remainder is the height of a mean ſegment, (ſee rule 19) which 


dwide by the mean diameter and look for the quotient under V. 8. 


write out the number againſt it under ſeg. in the table of ſegnients, 
wich multiply by the ſquare of the mean diameter, and that product 
& - ,003546] or di- — for ale 
e  eaſks lenge, and then by [ 83425] Aeby l 231 lor uss 
9 will you have the ullage required, that is, what is drawn out if you 
wrought with the dry inches (they being laſs) or what remains in the 


4 
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caſl if the wet inches be uſed (they being leaſt); for if a mean diam. 
eter reduces a caſk to a cylinder this method alſo reduces any ſegment 
thereof to the ſegment of a cylinder, &c. 

Ex. 346. Let the dimenſions be the ſame as in ex. 333, and the caſk 
of the third variety; then by ex 338, its mean diameter is 30,05 which 
added to 24 (twice 12 the dry inches) gives 54,05 from which taking 
32 leaves 22,05 half of whichis 1 1,025, this div ded by 30,05 the mean 
diameter quotes ,365 nearly, againſt 367 under V S. ſtands ,26128,, 
which multiplyed by 903 the iq. of 30,05 the mean diameter, gives 
235,894 and this again by the length 40 gives 9439, 5760, this di- 
vided by 28 2 quotes 33,47 A G. drawn out, or 33.47 A G. in, if the 
wet inches be 12 Hence, by the true method, viz by the middle 
area, the ullages is 33,5079. By the line S L on tbe ſliding · rule it 
is 33; and by the mean diameter 33,47 which is nearer good than 
that by the ſaid line 8 L the common way of ullaging, and is allo ealicr 
for it does not require the caſks content. 

347. This laſt method of ullaging may alſo be done by the new line 
A L (lee ex. 256 on the ſliding rule. Thus, As the mean diameter 
30,05 on N is to 18,95 on A Lſois 11,025 the mean dry inches on 
N to 33,9 on A L, the reſerved number, T hen, as that reſerved 
number 33,9 on D is to 40 the caſks length on C fo is 30,05 the mean 
diameter on D to 33.47 fere, on C the ullage required. 

349. Let things be the ſame as in ex. 346, and the caſk of vanity 

6, the mean diameter of the caſkis (by ex. 338) 29,06, which added 
to 24 (twice 12 is 53.06, from which take 32 the bung diameter and 
there leaves 21,06 half of which is 10.53, the mean wet, or dry inches. 
Then, as 29,06 on N: 18,95 en AL:: 10,53 onN : 33,14 onAL, 
Again, As 33.11 on D: 40 n C:: 29, o6 on D: 30,7 AG on C, 
the liquor in the caſk if 12 was the wet inches, or what is drawn out 
if 12 was the dry inches. 

350. It you ſuppoſe the dimenſions in ſect. 6 to be taken by a nut 
divided into (6,558 inches to a part, viz, the cube root of 282) equal 
parts, then the anſwer to every figure or example in that ſection uil 
be in ale gallons. Thus. if the length of a ſquare priſm be 15 times 

6,558 inches, and each fide of its ſquare baſe 7, 2 times 6,5 58 inches, 
this veſſel (by ex. 151) will hold 777,6 ale gallons. Alfo, if the 
length of a cylinder be 8 times 6,558 inches, and its diameter 2,1 times 
6,558 inches, this veſſel (by ex. 164) holds 25, 7089 12 A G. and 10 

for any other ſolid or veſſel in that ſection. Likewiſe, if you take the 
cube roots of 237 and of 2150, 42, they will be dimenſions for wile 
gallons and for malt buſhels, it is an eaſy method to gauge by ſuch 2 
rule, which may be divided into gallons and decimal paris of a gallon, 
as I judge is very eaſy to underſtand,” by which you'll in effect, bai 
gauging in this book twice over. 


20 
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A TABLE of the »reas of ſegments. 


V.S. Seg. Area, 
89 | 034441 


000042 
000119 
000219 
000337 
000470 
000618 
000779 
00095 1 
001135 
001329 
001533 
001746 
001968 
002199 
002436 
002685 
002940 
003202 


003471 
003748 
004031 


| 004322 


23 | 004618 


24 
25 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

7 
38 
39 


| 004921 
005230 


005 546 


, 005007 
006194 
006527 


006865 


' 007209 
007558 
007913 
008273 


008638 
| c0g008 
009383 
, 009763 
| 010148 
010537 
010931 
011330 
011734 
[012142 


* 


v. 8. Seg. Area. V. S. Seg. Area. 
00¹ 


012554 
012971 


013392 
013818 
014247 
014681 
015119 
015561 
016007 
016457 
016911 
017369 
017831 
018296 
018766 
019239 
019716 
020196 
020689 
021168 
021659 
022154 
022652 
023154 
023659 
024168 
024680 
025195 
025714 
026236 
026761 
027289 
027821 
028356 
028894 
029435 
029979 
030520 
031076 
031629 
032186 
032745 
33307 
033872 


| 


| 
| 
| 
' 


| 


90 
91 


2 


035011 
, 035585 
036162 
036741 
937323 


038909 
035446 
039087 


040276 


; 040875 


041476 
042050 


042687 
043296 | 
' 043908 ; 


039680 


044522 
045139 


112 048262 


113 
114 


; 048894 
' 049528 | 


115 | 050165 


116 
117 


050804 
, 051446 


118 05 2092 


119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 


052736 
053385 
054036 
05 4689 
055345 
056003 
056663 
057326 
057991 


9045759 
46381 
047005 | 
' 047032 


058658 
059327 | 


059999 
06067 2 


061348 | 


V.S. Seg. Area. 


125 


133 | 062026 


134 


135 


”_ 


-— —— -w_ -- 


136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
15 · 
152 
153 
154 


062707 
063389 
064074 
064760 
065 449 
066140 
066833 
067 528 
068225 
068924 
069625 
070328 
071033 
071741 
072450 
073161 
073874 
074589 
075306 
076026 
076749 
077469 
078194 
078921 
079649 
080380 
081112 
081846 
082524 
083320 
084059 
08 4801 
085544 
086289 
087036 
087785 
088535 
089287 
©9004 1 
090797 
091554 
092313 


093074 


9 


— 
—— 


177 
178 
179 
180 


093836 
094601 


095 366 


096134 
096903 
097674 
098447 


| 099221 


099GyO 
100774 


1101553 


102334 
103116 


] 1029c0 


104685 
105472 
106261 
107051 
107842 
108636 
109430 
110226 
111024 
111823 
112624 
113426 
114230 
115035 
115842 
116650 
117460 
118271 
119000 
119897 
120712 
121529 
122347 
123167 
123988 


124810- 
125634 


126459 
127285 
128113 


128942 


129773 


223 


. 
: 


224 
225 
226 
227 
228 
229 


— 


230 
231 


232 


233 
234 


235 


236 


m—— 


237 


238 


239 
240 
241 
242 
243 
244 
245 


| 946 


247 
248 
249 
250 
251 
252 
253 


254 


255 
256 


257 : 


258 


261 


130605 
131438 
132272 
133108 
133945 
134784 
135624 
136465 
137307 
138150 
138995 
139841 
1.40688 
141537 
142387 
143238 
144099 
144944 
145799 
146655 
147512 
148371 
149230 
150091 
150953 
151816 
15 2680 


153540 


I 54412 
155280 
156149 
157019 
157890 
158762 
159636 


1605 10 
259 161386 
260 162263 


163140 
164019 
164899 
165780 
166663 
167546 
168430 


169315 


269 
270 
271 
272 


273 


274 


275 


276 


277 
278 


279 


280 
281 


171089 
171978 
172867 
173758 
174649 
175542 
176435 
177330 
178225 
179122 


180019 


180918 
181817 
182718 
183619 
184521 
185425 
186329 
187234 
188140 
189047 
189955 
190864 
191775 
192684 
193596 


194509 


195422 
196337 
197252 
195168 
199085 
200921 
204232 
201841 
202761 
203681 
204605 
205527 


2064514 


207376 
208301 
209227 
210154 
211082 


/ 


| 


; 


315 
[316 


317 
318 


; 229501 
| 239644 


8 | 232579 
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V. S. Seg. Area, V. S. Seg. Area. V. S. Seg. Area. V. S. Seg. Area. 
170202 | 


212011 
21294c 
213871 
214802 
215733 
216666 
217599 
218533 
219468 
220404 
221401 
222277 
223215 
324154 
225093 
226033 
226974 
227915 
228858 


231389 
232034 


233026 
235473 
236421 
237369 
238318 
239268 
240218 
241169 
242121 
243074 
244026 
244980 
245934 
246889 
247845 
248801 
249757 
250715 
251673 
252631 


253590 


254550) 


- 
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v. S. Seg. Area. V. S. Seg. Area. V. S. Seg. Area. V. S. Seg Ares. 
, 61 | 255810 || 396 | 289453 | | 431 [323918 || 466 | 358725 f 
3 | 
| 262 | 256471 || 397 | 290432 || 432 | 324909] | 467 | 359723 
363 | 25743F || 398 | 291411 |} 433 |, 325900 | | 468 | 360721 
304 258395 399 | 292390 || 434 | 326892 || 469 | 361719 
| 365 | 259357 || 490 | 293369 || 435 | 327882 || 470 | 362717 
366 | 260320 || 401 | 294349 || 436 | 328874 [| 471 | 363715} 
| 467 | 261284 || 402 | 295330 || 437 [329866 || 472 | 364713 
268 | 262248 || 493 | 296311 || 433 | 330858 |} 473 | 365712 
369 263213 404 297292 || 439 [331850 || 474 | 366710 
370 | 264178 || 495 | 298273 || 449 [332843 |] 475 | 367709 
371 | 265144 || 46 | 299255 || 441 [333836 || 476 | 368708 
| 372 | 266111 || 407 | 300238 || 442 | 334829 || 477 | 369707 
373 | 267078 || 408 | 301225 || 443 | 335822 |] 478 | 370706 
[374 268045 | | 409 | 302203 || 444 [336316 ||] 479 | 3717<5 
375 | 269013 || 410| 303187 || 445 [337810 || 480 | 372794 
| 376 269982 || 411 | 304171 || 446 | 338804 || 481 | 373703 
377 | 270951 || 412 | 305155 || 447 | 339798 || 482 | 374702 
378 | 271920 || 413 | 396138 || 448 [340793 || 453] 375702 
| 279 | 272890 || 414 | 307125 || 449 [341787 || 484 | 376702 
380 | 273861 || 415 | 308110 [| 450 | 342782 | 485 | 377701 | 
281 | 274832 || 416| 3095 || 451 | 343777 || 486 | 378701 
382 | 275803 || 417] 310081 || 452 | 344772: | 487 | 379700 
383 | 276775 || 418 | 311068 || 453 | 345768 488 | 380700 
384 | 277748 || 419 | 312054 || 454 | 346764 '| 439 | 381699 
38; | 278721 || 420| 313041 || 455 | 347759] 490 | 382699 
386 | 279694 || 421 | 314029 || 456 [348755 l 491 383699 
387 | 280668 || 422 315016 || 457 [349752 | 492 | 384699 
38% | 281642 || 423 | 316004 || 458 | 350748 j | 493 | 385699 
389 | 282617 || 424 | 316992 || 49 | 351745 *| 494 | 386699 
39% | 283592 || 425 | 3179981 || 460 | 352751 ; | 495 | 387699 
391 | 284568 || 426318970 || 461 | 353768 | 496 333699 
| 392 | 285544 || 427 | 319959 || 462 [354795 'f 497 | 389699 
393 | 286521 || 428| 320948 || 463 | 355732 | 498 | 390699 
394 | 287498 |] 429 | 321938 || 464 | 356730 | 499 | 391699 
395 | 288476 || 430| 322928 [| 465 | 357727 i| 500 392699 
1 
| 


#* 
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Cs OR OAT eee 


SECTION IX. 


Practical Dueſtions, 


It is to be obſerved, that the 40 following queſtions belong to 
menſurations, gauging, &c, 


Queſtion 1. How many hewn ſtones of a rectangular form, each 
3 foot long and 24 feet broad,, will pave a walk 40 yards long and 
3 yards broad ? 
Divide 1080 feet the area of the walk by 7.5 feet the area of one 
ſtone, and the quotient 144 is the number of (tones required. 


Queſtion 2. How many panes of glaſs each 7 inches ſquare will ſuf- 
fice 4 windows, each 5 foot high, and 3 feet 7 inches broad? 
I The area 10320 inches of all the windows, d.vided by 49 inches, 

the area of one pane, quotes 21045 panes anſwer. 


Dueſtion 3. How many rafts each 2 4 inches broad and 14 inches 
thick, can be ſawn out of a piece of equal ſquared timber, the length 
of each end being 174 inches and breadth 10 inches? 

The area of each baſe of the timber is 17,5 x 10 = 175 inches, 
which divided by 2,5 X 1.5 = 3.75 inches the area of one end of a 
raft, gives 46,666 rafts for the anſwer. 


Dueſtion 4. There is a room whole circuit is 20 yards, and height 
4 yards to be hung about with tapeſtry 2 foot wide, all except a door 
caſe whoſe height is 8 foot and breadth 4 feet, what tapeltry will do it? 
From 60 Xx 12= 720 feet the area of the room, take Bc 4 = 32, 
the area of the door caſe, the remainder 688 feet divided by 2 feez 
the breadth of the tzpeſtry quotes 344 or 1145 yards, for the anſwer, 


Queſtion 5. How many bricks each 9 inches long 4+ inches broad 
and 3 inches thick, muſt be taken to build a wall 100 feet long 20 feet 
high, and one foot thick ? 

Here 100 x 20 * 1 = 2000 feet the walls ſolidity. which multiply- 
ed by 1728 inches in a ſol id foot, gives 3456000 the walls ſolidity in 
inches, which divided by ꝙ x 3 X 4.5 = 121,5 inches, the ſolidity of 
one brick quotes 28 44.444 bricks anſwer. 

Queſtion 6. If a piece of round timber be 20 feet ſolid, how many 
ſolid feet will it be when hewn to ſquare timber? 
I the diameter ofa circle be 1 its area is 0,7854 and &, 5 half the 
diameter ſquared, and then doubled, is the area of the greatelt inſcrib d 
ſquare, therefore, As ,7854 : „5 :: 20: 12,732 ſolid feet anſwer. 
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Qucſtion 7. If a cellar be 18,75 feet wide, 10 feet long, and 5,2 
feet deep, how many floors of earth are therein at 324 ſolid feet to 


one floor. 

Here 18,75 XIOX 5,2 = 975 folid feet in the floor, which di- 
vided by 324 the ſolid feet in a floor of earth, or digging, quotes 
3 floors 3 feet, the anſwer, 

Queſtion 8. If the ſolidity of a cylinder be 2150, 42, and its height 
10, what is the diameter of its baſe ? 

The ſolidity divided by the height quotes 215,042, which again, 
divided by 0,7854 quotes 273,67, whole ſquare root is 16,5 the dia- 
meter required. | 

Queſtion ꝙ. If the length of a ſhip's keel be 44 feet, depth of the 
hold 9 feet, and mid-ſhip beam 20 feet, what mult theſe dimenſions 
be in another ſhip of the ſame mould to carry a double burthen. 

By theorem 31. If you cube any of theſe dimenſions, the cube root 
of the double thereof, will be the like dimenſion of a ſhip of a double 
ſize, ſo 44 cubed is 85184, and doubled is 170368 whole cube root 
is 55,44 feet for the keel ſought. Thus having found any one of the 
dimenſie-e, the reſt may be had by the rule of three. Thus, as 44 ; 


520: 25,22 mid-ſhip beam. * 
54. © 7 9 : 11,34 depth of the holds, : By the Sliding-rule, 


Becauſe the burthens are as 1 to 2, it will be as 1 on E is to 


44 55744 | 
9555 D ſo is 2 on E to $5522 on D, the ſame as before. 
9 I1,34 


Oueſtion 10. If the length of a ſhip's keel be 80 feet, mid-ſhip 32 
feet, and depth of the hold 14,1 feet, what is her tunnage or burthen 
in tuns. See Queſtion 169. 

The uſual way to guage a ſhip is to divide the product of theſe 3 
dimenſions in feet, by 95, or by 100, if there be allowance made for 
guns &c, Therefore, by the ſliding- rule. As 9, 78 (the ſquare root 
of 95) on D is to 14,1 on C ſois 50,05 (a mean proportional between 
80 and 32) on D to 380 fere, on C the anſwer, But if the diviſor 
be 100, or guage point 10, the burthen will be 360, 96 tuns. | 

Queſtion 11. If the axis of a globe be 4 inches and it's weight 4 Ib, 
what will be the weight of another globe of the ſame metal whoſe 
axis is 8 inches, | | | 

As 64 the cube of the axis is to 4 its weight, ſo is 512 cube of 8, 
the cube of the like part of any other Jike fold to 32 Ib. its weight, 
of the ſame metal. 


* * R 


* 
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Queſtion 12, Whether is half a foot ſquare, or half a ſquare foot 
greater? Half a ſquare foot is half of 144 ſquare inches = 2, but half 
a foot ſquare is but 36 inches, the ſquare of 6. 

Queſt en 13. What is the difference between half a foot ſolid and 
half a ſolid foot? | | 

Half a ſolid foot is half of 1728 ſolid inches = $64, but half a foot 
folid is 216 being the cube of 6 inches or half a fout. 

Dueſtion 14. If one fathom of a cable rope weigh 17 Ib. when it is 
10 inches about, what would it weigh if it were 18 wches circun- 
ference ? 

As 100 inches the ſquare of the periphery of any cylinder's baſe is 
bo 1 lb. its weight or ſolidity, ſo is 324 the ſquare of any other cylia- 
der's baſe's periphery of the matter or height, to 55,08 lb its weight 
or ſolidity. See theorem 37. 8 

Dueftion 15. If an oak cheſt be 8 ſolid feet when meaſured on the 
outſide and but 7 ſolid feet when meaſured in the inſide, what is its 
weight. A ſolid inch of oak weighing o. 537 parts of an ounce, 

Since ſolidity is as weight; therefore, As one inch is to its weight 
»537 0z. ſo is 1728 inches (the difference between 8 and 7 feet) to 
928 oz, fere, the anſwer, 

Deſtin 16. What length of a rope will be fit to tye to a cow's 
tail, the other end being fixt in the earth, that ſhe may graſs jult an 
acre or 4840 ſquare yards, allowing the cow's length 4 yards. 

The length of the rope and cow mult be the radius of a circle whoſe 
area mult be 4840. Therefore 4840 divided by 0,785 418 = 6161,09 
the ſquare of the whole diameter, whoſe ſquare root is 79, 49 half 
"whereof is 39,245 yards the anſwer, See rule 15. | 

Queſtion 17. What muſt be the dimenſions of a cubical box, to 
hold 200 oranges of a globular form, each 2+ inches diameter? 

If the oranges be laid in rows upon one another, each will take as 
much room as a cube would do, whoſe fide is 24 inches; therefore, 
the cube of 2,5 = 15,625 multiplied by 200 gives 31250 for the fol- 
- idity of the 2000 cubes, or that of the box. So the cube root of 31259 
is =15,5 fere, a fide of the box. 

Sreftion 18. If a plank 14 feet long, 14 thick, and half a foot 
broad, can be ſold for 8d a foot running meaſure, 7d a foot ſuperficial 
meaſure, and Iod a foot folid meaſure ; which of theſe ways mult it 
be ſold to makethe molt money ? 

Its area is 14 X 1,5 =21 feet, its ſolidity is 14 & 1,5 * 0,5 =10,5 
feet, its length 14 feet; ſo, 14 times 8d is — 1124, its price at running 
meaſure, and 10,5 times 1od is = 105d its price at ſolid meaſure ; 
alſo 21 times 7d is = 147 d value at flatmeaſure which is the belt way 


10 ſell ir. 
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Nueſtion 19. If a board be 10 feet long, 8 inches broad at the great - 
er end, and 6 inches broad at the leſſer end, how much in length at 
the leſſer end will make one foot. 

Becauſe the ends are given in inches, and length in feet, we'll call 
the foot to be cut off 12 inches (ſee ex. 83) then to (48) twice the 
product of 1 2 the part to be cut off and 2 the difference of the breadths 
$ and 6, add (360) the product of the length 10 feet and ſquare of 
the leffer breadth 6 inches, multiply the ſum (408) by the length 10 
feet, from the ſquare root of (4080) that product take the product of 
the leſſer breadth 6 inches, and the length 10 feet, (60) and the re- 
mainder 3,8 divided by 2 the difference of the two breadths gives 1,9 
for the anſwer, See theorem 125, 


Sueftion 20. If a piece of ſquare tapering timber be 10 feet long; 
9 inches {quare at greater baſe, and 6 inches ſquare at the leſſer baſe, 
how much in length from the jcffer end will make a folid foot. © See 
theorem 126. | 

Firlt, 9 inches = ,75 F. and 6 inches , F. and their difference 
3 inches = 425. Then to (1,25 F.) the product of the height 10 F. 
and the cube of a fide (o, 5 F.) of the leffer bale, add (,75) 3 times 
the product of 1 F. the part to be cut off and ,25 F. the difference 
between a ſide of each baſe multiply (2,00) the ſum by 100 F. the 
ſquare of the height, and from (5,849) the cube root of that product 
(200) take the product (5) of the leſſer breadth ,5 F. and height 10 F. 
the remainder o, 849 divid d by ,25 F. the difterence of the two baſes 
quotes 3,4 fere for the feet in length require l. 

Note, If it be the fruſtum of a cone you may multiply the part to 
be cut off by + of 0,785 4, and then work with that product inſtead of 
the ſaid part, and the diameters as with the ſides before: Alfo, if any 
part was to be cut off from the greater baſe, rake the content of that 
part from the content of the fruſtum, and work to cut the remainder 
from the leſſer baſe as before. 

Queſtion 21. If a board be 24 inches broad at the greater end, 8 
inches broad at the leſſer end, and 20 feet long, where mult it be cut 
o that a foot in length may contain x56 inches area? 

The cont ent 156 divided by 12 the length quores 13 inches for the 
mean, or middle breadth of the piece to be cut out, (ſee theorem 26) 
then (by theorem 9) As 16 (24 8) is to 20 the length, ſo is 5 (13 
—8) to 6. 24 feet the diſtance between the middle ofthe piece to be 
cut out and the leſſer end. 

Oneftion 22. A hath a piece of ſquare tapering timber 24 inches 
ſquare at the greater end, 6 inches ſquare at the leſſer end, and 60 feet 


122 THE UNIVERSAL ME ASURER 


long ; B bids him 12d a foot running meaſure, C offers him 18d a foot 
ſolid ; how muſt he cut it between B and C to make the molt of it to 


- himſelf ? 


As the value of a foot in length is =+ of one ſolid, it is evident, that 
a fide of the dividing ſection muſt be = the fide of a ſquare priſm, 
wherefore a foot in length will be = to 4 of a foot ſolid : but of 1728 
the inches in a ſolid foot is 1152, which divided by 12 inches or a foot 
in length, quotes 96 inches the area of the dividing ſection, whoſe ſq. 
root is near 9,8, then, As 18 inches (24—6) is to 60 feet length, 
10 is 3,8 inches (9,8 — 6) to 124 feet from the leſſer end where the 
tree is to be cut, and B to have the ſmaller end, C the thicker, | 

Dueſtion 23. Things being the fame as in the laſt queſtion, ſuppoſe 
the ſolid foot at 12 d and the foot in length at 18 d, where mult it be 
cut to make moſt ? 

Here, its plain that if ſuch a ſolid foot be cut out of the tree (by 
queſtion 21) as that its length be 4 of a foot or 8 inches, the value of 
this foot ſolid will be the ſame in both meaſures, conſequently, if the 


tree be cut thro' the middle of this piece it will anſwer the queſtion, 


80 1728 - 8 = 216, whoſe ſquare root is 14,7 fere = a fide of the 
dividing ſection; then, As 18 (24— 6) is to 60 feet ſo is 8,7 inches, 
(14,7 —6) to 29 feet length running meaſure from the leſſer end to 
go at 18d a foot. | 

Queſtion 24. Whether will {mall, or thick round timber waſte more 
in ſquaring. | 

By quelt, 6. Any piece of round timber is to the ſame when ſquar- 

ed, as ,7854 to ,5, ſo there is no difference, i. e. the waſte is as the 
thickneſs, 

Dueſtion 25. If a tree girt 22 inches with a rope of one inch dia- 
meter, what is its true girt ? 

In girdipg timber &c. the upper fide of the cord is made to meet, 
then being ſtretched on a rule, its plain the girt of the tree is taken to 


be what this upper {ide meaſures too, now if this upper ſide be 22 in- 


ches peripheryit's diameter will (by rule 17) be 7 inches, but the rope 
being 1 inch thick, the diameter of the tree or underſide of the rope 
will be but 5) 7—2) inches; therefore, as 7: 22 :: 5 : 155 inches, 
the true girth of the tree. Hence appears the neceſſity of girding with 
a ſmall cord. 

Dueſtion 26. If D L(fig. 185) be the length of an egg 4 inches, 
d D = 1 inch, the periphery of the greateſt circle G H 10 inches, a 


' periphery taken at e in the middle between d and D = 7 inches, and one 


taken at a or m m, in the-middle between n and L = 6 inches, what 
is the ſolidity ? (See rule 43.) 


8 © 
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100 S ſq· HG 100 S ſq. HG 58, 1940 
196 = 4 Unn 144 = ⏑¶ mm 23,5320 
296 ſum | 21244 608 1,7260 
1 = length d D 3 dL Wenn, 
2 — 13, 621 in. ſolid. 
,0795 factor 795 factor 
23,5320 58,1940 


9ueſtion 27. Required the ſolid and ſuperficial content of an ellipti- 
cal ring, whole diameters taken in the inſide, are 28 and 38 inches, and 
thickneſs of metal in the ring 2inches diameter, the ſaid ring being cy- 
lindrical. 

Here 38 and 28 each added to 2, the thickneſs of metal in the ring, 
gives 40 and 30 for the two diameters of the oval paſſing thro' the 
ring's middle, whoſe periphery; (by rule 22) is 110 for themeanlength 
of the ring; then [7] 2, viz. 4x 119 XK 0,7854= 172,788 the ſolidity 
in inches, and 3, 1416 X 2 X 1100 = 691,152 inches, the ſuperficial 
content. 

Queſtion 28. If the walls of a building be 20 yards about on the 
outhde, 16 yards about in the middle, 5 yards high, and o, 5 yards 
thick, what is the ſolid content of theſe walls? (See theorem 26.) 

Here, half the ſum of 20 and 16 is 18 y. the circuit of the wall if 
taken in the middle; ſo 18 x 5 x 0,5=45 ſolid yards, the anſwer. 


9ueſtion 29. Required the axis of the greateſt cylinder, that can be 
made of a given diameter 20 and diagonal 30; or, of the greateſt 
cone under a giverflant length. (See theorem 146.) 

The required axis is = 17,31, the given diameter or ſlant fide 30, 
multiplied by o, 577 the ſquare root of 4. 5 

Nucſtion 30. Required the axis of the greateſt cone that can be cut 
out of a globe or ſpheroid, whoſe axis is 30. (See theorem 145.) 

This, as in the laſt queſtion, is found 17, 31. But the axis of the 
greate t inſcribed cylinder will be = 20, = + of 30, viz. 10 on each 
lide of the globe or ſpheroid's center. 


Question 31. If a rectangular piece of ground is tobe {2 for every 
chain in length, and / 3 for every chain in breadth, Quere, the length 
and breadth, io as moſt land poſſible may be had for { 40. 

To give a general ſolution to all queſtions of this kind, let p 2, 
q 3, $ = £40, e Sone of the dimenſions, viz. either length or 
breadth, and a = the other of them; then a e A the area and pe 
qa =s the money to be paid for that area, and by tranſpoſition, &c. 


2 
az whence, Aae 2. —m a max; bo, (by 


q 4 


— 


p 
— —- 4 


3 
— —Q. 


N 6 


— 
=. oy 
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art, 221, prob. 191) *==P=o, hence, e —— . = 10, 
q | 2P 4 | 
and a = <= 4222-22; 4, then 6 4 10 6, 6 2 acres 
4 3 3 : | 
the anſwer. | 


Quęſt. 32. Required the ſolidity of the greateſt cylinder that can be 
Cut out of a ſquare pyramid, whole axis is 60, and a fide of its bale 30, 

Furſt, (by prob. 191) the pyramid mult be cut at 3 of its axis, ſo 
the cylinder's height will be 4 of 60 = 20; then, as 60: 3o :: 40 Viz, 
(4 of 60) : 20, a fide of the baſe of the pyramid cut off, which is ald. 
the diameter of the cylinder's baſe, So 20 X 20 X 0,7854 x 20 * 


6283, 2 anſwer. 


Queſtion 33. A weaver's beam 24 inches in circumference, on which 
is 95 rounds of cloth 24 of an inch chick, what is the length ot the 
web ? ; 

Firſt, As 22:7: : 24 : £4 the diameter of the beam and xd 
twice 95 is = 25, twice the thickneſs of the ring of cloth, ſo #4. 95 
the diameter of the beam andweb together. Then trom ff 
the ſquare () this diameter, take 7255 the ſquare of (4+) the bean, 
diameter, and the remainder fr multiphed by o, 785 4 gives the 
area of the end of the ring of cloth, which area divided by 24 (viz, 
x d by 22) gives the length of the web in inches, which divided by 36, 


quotes 99,02 yards the length of the web. See ruic 35. 


/* Queſtion 34. What length of wire will come out, 
One fourth of an inch about, 


From braſs in meaſure jult a foot; 
- Pray, fir, try if you can do't. 
That is, out of a folid foot of braſs, what length of wire may be 
drawn that is 0,25 inches circumference ? (See rule 36.) 

Here, o, 25 X o, 25 K 07958 =,004973, the area of that circle 
whole periphery is 4 of an inch. Then ,004973) 1728,000000({ 347468 
nc hes, length, which divided by 36, and that quotient by 1760 will 
ſhew it in miles. 

Dueſtion 35. If the perimeter of a circle, trigon, and ſquare be each 

ual to unity, which of them is greateſt ? | 


I X,07958 = ,07958 area (circle ) by which it appears that 
TN, 43303 = 504811 of 4 trigon Sof all ſuperficial figures 
Axe&=y44=,0625=,0625 ) the (ſquare contain d under the ſame 


perimeter, the circle is the greateſt, 

Dueſtion 36. A globe, a cube a cylinder, 
All three in ſurface, equal are, 
In ſolidity, what do they diff r. 


the 
tio 
to 


* 
* 
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Suppoſe the ſurface of each to be 3,1416, then 0,5236 = the 
ſolidity, and 3,1416 + 4,7124, and the {quare root of that quotient | 
taken gives 0.821, the diameter and beight of the cylinder which 
cubed and multiplied by 0,785 4 gives o, 42985, the cylinders ſolidity. 
Alſo, 3,1416 + 6 , 5236 the {quare of a fide of the cube, whole 
ſquare root 0,723 being cubed is o, 3786, the cube's ſolidity. Hence, 
of all ſolids under the ſame ſuperſicies, the globe is the greateſt. 

®uflion 37. If I take an angle of 50, with a ſemicircle, which 
does not ſtand level, but makes an angle with the horizon of 33 45 
what is the true angle of obſervation. 

Let BC (lig. 98 be the edge of the inftrament, making an angle 
ABC = 332 45” with the horizon A B, then its plain, while the paint 
of the indzx moves a ſlope from B to C, it would move horizontally 
from B to A, ſo if B C tabrend the obſerved angle of 56?, B A will 
ſubtend the true or required angle, or A C if it be an angle of altitude 
ſo (by axiom 2) As radius: 50? :: co-ſine inclination 500 15: 410 
the true L of obſervation, or: : fine L inclination 330 45“: 29,69 the 
true L, if the obſervation was for an altitude Hence appears the ne- 
ceilty of having your inſtrument level if you are to take 4's for diftan- 
ces, or L if you are to take altitudes, 

Qucſtion 38. A whin, a thorn, a ſheaf of corn, 

Each to be meafured are; 
Come, let ns mind, if we can find, 
A rule fach things to clear. 

The uſual way to meafure wregular folids, fach as craggy ſtone, 
lumps of metal, buſhes of ſhrabs, &c. is to fill a veſſel with water, and 
then put in the ſolid, ſuppoſe 5 ale gallons of water to run over the top 
of the veſſel, then the content of this immerſed ſolid is 5 times 282 = 
1410 ſolid inches ; cr, if you take out the ſolid and meaſure the empty 
part of the veflel, it will give the fame content. | 


Queſtion 38. If a tub ten inches deep and no more, 
Hold in ale gallons juſt half a ſcore, 
What mult the two diameters be, 
To be in the ratio five to three? 

This veſſel being ſuppoſed a conical ſruſtum, find (128, 284 inches) 
the content of a conical frultum whoſe depth (10 inches) and propor- 
tion of diameters (3 and 5) are the ſame with thoſe given in the queſ- 
ton, then ſay, as this ſolidity (128,284) is to the given ſolidity (2820 
inches) fo is (9) the ſquare of (3) the leſſer ratio (3) to (190,05) the 
ſquare of the leſſer diameter, or ſo is (25) the ſquare of the greater 
diameter, whoſe ſquare root is the diameter ſought, to the ſquare root 
of 190.05 is 13,9 inches the leſſer diameter, and a3 3: 5:3 13,9: 
2341 the greater diameter, 


FA. 
„„ 
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Dneſtion 40. A cylinder its ſaid, there is to be made, 
To take the leaſt wood that can be; 
Pray let us ſee, what dimenſions mult be, 
To hold a gallon of brandy. 

Divide (462) twice the given ſolidity by ,7854 and (8,38 inches) 
the cube root of that quotient is the diameter, (ſee theorem 147) by 
which and queſtion 8 the height is found. (4,2 inches) 

The 10 following queſtions ſhew how the contents of bodies may 
be had by knowing their centers of gravity, and the contrary, lee theo- 
rem 190. 

Definition. If in any fide of any plane or ſurface, we find its center 
of gravity, and ſuppoſe the plane to turn round, fo as this fide deſcribe 
a circle, as being the radius thereof; then a line perpendicular to the 
radius on the point on which it turned, is called the axis of rotation, 

and the diſtance between the ſaid point and the center of gravity, is 
called the radius of gravity. Then to find the content of 1uch bodies, 
this is the 
Rule 62, Multiply the area of the generating plane, the radius of 
gravity, and 6,2832 (viz twice 3,1416) into one another, the laſt pro- 
duct is the content. Or the ſaid area multiplied by the periphery of 
the circle deſcribed by the radius of gravity gives the ſame content. 


- Queſtion 41. If a circular ſector AQ BS (fig. 153) whole radiu 

SQ= 12 chord AB6,arch A QB 7 nearly, be turned about the 

center 8, with the radius 8 Q perpendicular to the axis of rotation, 
what is the content of the ſolid thus form'd ? 


By Art. 275 7 AQ 
12S Q- 6 =45Q, 
RGA. 42 =areaſector or generating plane 
3 7 21) 144 7 = S C radius ot gravity 


$C= 7 fereforrad. of gra. 29 
p 6.2832 conſtant factor 


| 1847,2608 content anſwer 
Dueſtion 42. If the ſector (laſt queltion) be turn'd about the pout 
Q ſoas Q be perpendicular to the axis of rotation, what is the ſol- 
dity of the ſolid, form'd by this revolution ? 


6,2832 conſtant factor 263, 8944 product N 
42 area ſect or gen. plane 5 = QC rad. of graniy 
263,8944 product 1319,4720 ſolidity required 


Dueſtion 43. What is the content of a ſolid, formed by the rotation 
of the ſemicircle A B C (fig. 186) about the tangent A I perpendicu- 
lar to the diameter C A, = 14 the ſemi-periphery A B C22. 
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11 = half of ABC 
= AO 


77 = area ſemi-circle or generating, plane 
6,2832 conſtant factor 


483, 8064 
= radius of gravity A O 
3386,6448 lolidity required 
Oueſtion 44. But if the ſemi-circle ABC (fig. 186) revolve round 


the tangent D T, parallel to the diameter A C, what is the content 
of the parallel ſo form d? 


By Art, 275 7 = OB 
49 = QAO 3 = OG 
4 4 = BG radius of gravity 
22X3=66)196 6.2832 conſtant factor 
nearly 3 - 25,1328 


Note. This queſt, is uſeful 77 =area 4 circle 


in finding the ſolidities of 1935,2256 ſolidity required, 
yaults &c. | 

Note, If the axis of rotation do not touch the generating plane, but 
be at ſome diſtance from it, the rule is (till the {ame ; alſo, if youturn 
the factor 6,2832 into a diviſor 0,157, then any of this ſort of concife 
ſolutions (for ſo they are when compared with the common methods) 
may readily be done by a fliding-rule. Thus, As 0,157 on A : the 
area of the generating plane on B : : the radius of gravity on A, to 
the content on B. y 

Dueſtion 45. If the rectangle EDC H (fig. 187) be turned about 
the axis of rotation B A, at the diſtance A Eg S from it, what will 
be the content of the ſolid viz. of a hollow cylinder, formed by this 
revolution, D C=E H being = 10 and the breadth I Cg E DSG 

The center of gravity of the generating plane ED CH will (by 
Art. 274) be at G in the middle of ED, ſo AE8+EG3=AGir 
the radius of gravity. 
Then 6,2832 conſtant factor Sliding-rule. As, 157 

50 S ox Gg area E DCH mining 

76, "i BP onA: q147 On 
: oY AG radius of gravity the content of matter 


41459120 lolidity ſought ſought. 
Rueftion 46. Of half the rectangle (laſf queſt.) viz. HE D be u- 
ken inſtead of the whole one H E D C, the hollow of the figure gene · 


* 8 


in the hollow cylinder 


„ 
— 
1 8 * 
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rated thereby will be a cylinder, height = H E, diameter = A E., ity 
thickneſs at one end II o, and at the other end D ED 6, 
hat is the ſolidity of this ſigure? 

Firſt, the radius of gravity will be (A E. 8 ＋ TE D 2) = 10, then 
as 0,157 on A: 30 (area A H E D) on B:: 10 (radius of gravity) 
on A: 1885 on B, the content of matter in this hollow cylinder, 

Qieſtion 47. Given the perpendicular BP 60, (fig. 188.) and the 
ſegments of the baſe A P= 120, CP 9o of a plane A ABC, what 

will be the ſolidity of a ſolid, formed by the rotation of this A about 
the axis C D? ; 

Here, becauſe the A's A B P and C B P. have each their centers of 


gravity G and g, we may reduce theſe two centers to one, (by theorem 


185) or find the content at twice, thus, 3 of C Pgo = Cg 60, the ra- 
dius of gravity ofthe AC BP, and CG =(CPyo+PG 40, viz, 
+= AP 120) 130; fo, as o, 157: area A's AB P and CBP 3600 
hy 2700:: CGandCg 130 and 60: 2953537,6 and 1017878,4, 
which added together gives 40/7 1416 the anſwer, In like manner may 
ſolidities be computed, when their generating planes confilt of ſeveral 
ſorts of figures, 

If the contents of any ſuch ſolids as theſe 7 laſt queſtions be known, 
the center of gravity of the generating plane may, by the laſt rule, be 
found; but to ſind the center of gravity of any ſolid (whoſe greateſt a. 
rea is at one end, and lealt area at the other end) without its equati 
on, &c. this is a general 

Rule 63. Tothe greateſt area, viz, the at ea at the greater baſe, add 
twice an area taken in the middle between the two bales, multiply this 
ſum by the ſquare of the ſolid's axis, and divide the product by 6 timey 
the ſolidity, for the diſtance of the center of gravity from the leſſer 
baſe. The ſame method anſwers in a plane, by uſing breadths inſtead 
of areas; if you divide the ſaid product by 6 times the diſtance of the 
center of gravity from the leſſer baſe, the quotientis the content, See 
theorem 190. 


Queſtion 48. If BP the Lofa plane A A B C, (bg. 188) be 60, 
and the baſe A C 40, what is its center of gravity ? 

Firſt, by the property of the A, drawn thro' the middle of BP paral- 
to A C, will be = 20, fo by rule 63, twice 20=40 + AC yo gives 
go, and 80 X U B P 60( 3600) is = 288000 the product, which di- 
vided by 7 200 ſix times the area or content (40 A of GO ofthe 
Ggures quotes 40 for the diſtance d of the center of gravity. 


Qucſtion 49. It the length of a conical fruſtum be 40 feet, or 490 


inches, and diameters at ends $ inches and 6 inches, where is its ces - 
ter of gravity ? 


A  =—=© I0ÞnI - a JP 7 


7 
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firſt, by rule 43, the content of this fruſtum is found = 111589,632 
when multiplied by 6, viz. 6 times the ſolidity in inches, then 98 
twice ſquare of 7, a diameter in the middle, added to 64, the ſquare 
of 8, that at the greater baſe, gives 162, fo 162 x ,7854 = 127,2348, 
which multiplied 230400 the ſquare of 480 inches, the axis gives 
29314897.92 this + by 111589,632 quotes 262,7 inches, for the 
diltance of the center of gravity from the leſſer end. op 

Note. In fruſtums of cones or others of circular baſes, you may uſe 
the ſquares of the diameters inſtead of the areas, and in theſe of pyra- 
mids the ſquares of like ſides. Or, from rules 43 and 63, we may draw 
a ſhorter rule for ſuch fruſtums, the ſame as by theorem 189, 

Rule 64. To half the ſquare of the ſum of a ſide at each baſe, add 
the ſquare of a ſide at the greater baſe, this ſum multiplied by the 
axis is a dividend, then to the ſum of the ſquares of a fide at each 
baſe, add the ſquare of their ſum, for a diviſor, the quote of this di- 
viſion, ſhews the diſtance of the center of gravity from the leſſer end. 

Note. Obſerve to take ſimilar ſides at the baſes, and if conical fruſ- 
tums uſe diameters or peripheries inſtead of ſides, or the ratio's of any 
ſimilar ſides &c. at each bale will do. ' 

92/tion 50. If the greateſt and leaſt diameters of a veſſel, or = 
headed caſk be 37 and 30,834, what muſt the length be, when the 
content is the greateſt or convex ſuperficies the leaſt poſſible. fig. 207. 

1, LetcldBdIc, be ſuch a caſk, 2a=A B = 30,834, the leaſt 
2y =dc = 37 the greateſt diameter e = I m half the caſk's length, 


then (art, 435) e = 2,3025 a x log. XLII. 18,5 fere, 


| a 
which doubled is = 37 ml, the caſk's length required, and the 
curvature is that ot the catenary, 

The 34 following queſtions concern more uſes of the centers of 

gravity, the forces of the mechanic powers &c. 

Nueſtion 51, Two men Aand B are to have 58 for carrying a piece 
of 1quare timber, length 40 feet, a fide at the greater baſe 8 inches, 
and a ſide at the leſſer vaſe 6 inches, A bears a foot within the greater 
end, and B a foot within the leſſer end, what money mult each man 
have in proportion to the weight he bears ? 

The weights (by theorem 184) born are inverſely as their diſtances 
from the center of gravity; now by the laſt queitivn the center of 
gravity from the leſſer end is 2144 feet, which taken from 30 feet the 
whole length leaves 1874 feet its diſtance from the greater end, and 
becauſe each man bears one foot within the end, take 1 from each of 
thele and there leaves 2044 and 1774, ſo as 2044 : 1734 oz. our of 
fractions, as 773 : 633 : : the weight born by A, to that born by By 


conſequently as (773 +633) 1406: 58: j 63 ; 2811 — 4. 
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Dueſtion 52. A piece of tapering timber 24 feet long, being laid 
over a prop, is found to ballance itſelf when the prop is 13 feet from 
the leſſer end, ſo that point is it's center of gravity, but removing the 
prop a foot nearer to the ſaid lefſer end, it rakes a man's weight of 1 5 
ſtone, ſtanding on the leſſer end to hold it in equilibrium, what is the 
tree's weight? 


By theorem 185. As 1 foot (the diſtance between the prop and 
center of gravity) is to 13 feet, ſo is 15 ſtone to 195 ſtone the anſwer, 
By this, if a man know his own weight, he may know the weight of 
any beam &c. 

Dueſtion 53. An irregular ſolid 60 inches long, laid oyer a propſet 
to its middle, and a weight of 25 ſtone, ſet 10 inches from the prop 
towards the leſſer end, holds the body in equilibrium, but removing 
the prop 8 inches nearer to the leſſer end, the weight 25 ſtone is re- 
moved 15 inches nearer thereunto before the body will be in equilid, 
upon the prop, what's the bodies weight and ſolidity, 4 of a ſtone of 
ſuch matter being a ſolid foot? See theorem 187. 

Firſt, 8 inches Xx 10 inches =80 and (10— 2415) 17 — 10g, 
then 80 + 7 —= 114 inches, the bodies center of gravity diſtant from 
the middle, (ſo by the ſame theorem) 10 inches X 25 ſtone = 250, 
which + by 114 is 21,875 ſtone, the bodies weight, then, as 1 (tone 
is to 4 foot ſo is 21,875 ſtone to 5,468 ſolid feet anſwer. 

Queſtion 54. If A B (fig. 189) be a walking ſtick 40 inches long, 
ſuſpended by a ſtring 8 D, faſtened to its middle, now if a body be 
hung at e, 6 inches diſtant from D, and a weight of 2 lb. hung at the 
fmaller end A, the ſtick will be in equilibrium, but removing the body 
to a, one inch nearer to D, the 21b weight on the other ide D is 
moved to d, within 8 inches of D, before the ſtick will reſt in equilibrio 
what's the body's weight ? 

By theorem 135. Multiply (12) the difference between (20and8) 
the diſtances of the 2lb weight from the point D of ſuſpenſion, by (2) 
the faid weiglit, that product (24) by (1) the difference between 
(6 and 5) the diſtance of the body from the ſaid point D, quotes 24 |b 
the weight of the body. | | 

Note. This is a very eaſy and ſimple way to weigh any matter, it 
requires nothing but any known weight and any walking (tick &c. di- 
vided into inches, or any other =parts. 

Queſtian 55. If a two pound weight and a body be in equilibrio, 
on a ruler, beam, ſtaff, xc. ſuſpended in the middle, or in any other 
place, and if by moving the body 1, the weight is found to move 12, 
before they again be in cquilibrio, what is the weight of the body : 
dee theorem 183. 
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This queſtion is the very ſame with the laſt, but the ſolution made 
more eaſy. Thus, as 1 the diſtance moved by the body, is to 12, that 
moved by the weight, ſo is 2 lb the weight, to 24 lb the body's weight. 

Qucſtion 56. If in a pair of ſcales, a body weigh 90 lb in one ſcale, 
but being put into the other ſcale it only weighs 40 lb, what is its true 


weight? : | | 
By theorem 186, 90 * 49= 3600, whoſe ſquare root is 60, the 
anſwer. By which you may know if the ſcales be true. 


Oueſtion 57. If An and Cn be two cords (fig. 190) having each an 
end faſtened to the nail n, with a ſtaff or ruler A C, faſtened between 
them, as alſo a plumb line n P, all hanging at liberty on the nail n, 
now if a weight of 2 lb be hung to the end C of the ſtaff, and a body 
B to the other thereof, the ſtaff is cut be the plumb in e, ſo, as 1 is to 
20 ſo is e A to e C, what is the weight of the body B? 

By Art. 281, e is the center of gravity of B and W. therefore 

By theorem 183 or 184, As Ae 1: : e C20: : Wa lb: B 40 lb 
the anſwer, or (by the ſaid art. 28 ) it is all the ſame whether the ſtaff 
AC and weights B and W, be ſuſpended by the two cords n B and 
n C, or at e by the one cord ne, or on a prop ſet to the point e, the 
equilibrio in any one caſe, holds in all. 

Preftion 58. If two bodies W and b (fig. 191) be in equilib. (W 
rio lb and b = 2 lb) on a priſmatic beam A B, ſuſpended on D, what 
is the diſtance D b, if DB S 2 and DA = 14? | 

Firſt, Suppoſe the weight of the beam A B = 16, then becauſe it is 
of = thickneſs the length of any part will be as the weight of that part 
and alſo the center of gravity of any part DB or DA will be in the 
middle thereof, ſo (by art. 272) ADX4+ AD+Dbxb=DBxz 
BD+DBxVW, that is 14X7 +2Db=2X1+2 X 110, or 98 


+2DB=222 ſo Db == = 62 anſwer, If you take the 


weight W = 1 1b, 21b, 3 1b &c. you may thus find the diſtances D 1, 
D2, D; &c. which is the conſtruction of the Roman ſteel yard, for 
weighing bodies at the end B, by moving a known weight on the other 
arm D A, | 

Queſtion 59. Two men A and C (fig. 190) bearing a weight of 30 
[tone upon, or hung to aleaver A C at the point e, A bears Ae 2 feet 
from the center of the weight and C bears C e 6 feet therefrom, what 
weight does each man bear ? 2 

This queſtion is the ſame in eſſect with queſtion 51, i. e. the weights 
born are inyerſely as their diltances from the center of gravity e, there- 
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fore, As 8 (246): 30 ſtone :: $5 285 the weight bom 


by 53 8 (we anſwer. 


Queſtion 60. What is the leaſt number of weights, and the weight 
of each, that will weigh any number of pounds between 1 Ib and 500 
tons? | 


and 41b, for 1 weighs 1, 3 weighs 3, 3 and 1 weighs 4, 1 from 3 weighs 
23 alſo, if you take the weights 1 lb 3 lb and 9 lb, you'll find that by 
them any number of pounds may be weighed between 11b and 13 Ib, 
&c. &c. Whence it appears that a ſeries of terms in geometrical pro. 
portion, whoſe firlt term is 1 and common ratio 3, will weigh at one 
draught any number of weights between 1 and the ſum ofall the terms 
in the ſeries, therefore the required number of weights muſt be 14, 
and their weights in pounds 1, 3, 9, 27, 81, 243, 729, 2187, 6561, 
19683, and ſo on to 14 terms. 


Dueſtion 61. How mult an axle tree be fixt in the ſides of a conical 
fruitam or bucket, whoſe ſlant length is 30, diameters 10 and 20, ſo 
that it may hang with the mouth downwards when empty, but upwards 
when full ? 


By comparing the equations in art. 278, it appears that the center 
of gravity of a ſolid fruſtum is nearer the greater end than that of a 
hollow fruſtum. Therefore the bottom of the bucket mult be in the 
greater end of the fruſtum, andthe required point in the common cen- 
ter of gravity of the bottom and hollow fruſtum ; ſo by the ſaid art, 
278, divide 1500 (twice the greater diameter, 20 + to the leſſer, 10 
and x by the length 30) by go (3 times the ſum of the diameters) and 
the quote 163 is the hollow fruſtum's center of gravity from the leſſer 
end, or (30 — 16+) 134 from the greater end, now ſuppoſe the mid- 
dle of the breadth of the bottom, to be 4 within the greater end, and 
its weight or ſolidity to that of the hollow fruſtum, as 2 to 15, then 
(by theorem 185) 13 X 15 — 15 +2 =*25 = 114, the diſtance of 
the axle - tree from the middle of the bottom's breadth. 

Queſtion 62. If AB C fig. 192) be a rowler (over a mine pit, well 
Kc.) of a A 6 radius with a crook B D E at one end A A, of BD 18 
radius, what power muſt be applied to the handle D E to make the 
rowler A C raiſe a weight W of 200 lb? 

It 1s evident that the radiuſes a A and a D may be taken as two 
leavers acting againſt each other at the center a, therefore, (by theo” 
Fem 184) 48 18;6:: 200: 66+ lb anſwer. 


If you take the weights 1 lb and 3 lb, they'll weigh 11b, 21b, 31b, 


r ao mc 


8 he A > þ 8 
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Oneſtion 63 If the radius of a wheel be 30, anda power of 500 lb 
applied to its periphery does move a weightat the axle-tree of goooolb ' 
hat is the radius of the axle tree? 

The property of the wheel may be cafily underſtood by tlie laſt 
mentioned figure, viz. a D being tik en as the radius of the wheel and. 
a A as that of the axle- tree; thetefore, As 40000 lb: 50 lb: : 40: 
for the anſwer. 


bn. 


9 1etion 64. If there are two blocks or pullies, the one fixt and the 
other moveable, ſach as are in ſhips &c. for hoiſting, and to the move» 
able block there be a weight of 300 lb, what weight pulling at the 
rope end will raiſe it? 

The axis of pullies may be taken as leavers, whoſe fulerums, are 
in their middles, or centers of the pullies, whence (by theorem 184) 
you can by one pulley only raiſe a weight equal to the force that pulls 
at the other end of the rope; but in any number of pullics any how 
ordered, or in any machine whatever, (by theorem 183) the diſtances 
moved over in the ſame time, by the power and weight are equal, fo 
in an equilib. (ſee theorem 184) the product of the power and it's diſ- 
tance moved, is = to that of the weight and it's diſtance moved in the 
ſame time, ſo in the above queſtion, 4 of 300 = 150 lb is the anſwer, 


for you'll (in that caſe) ſee the power deſcend 2, while the weight 
aſceads one, 


9ueſtion 65. How mult three pullies A, C, E, (fig. 193) be combined 
ſo as to raiſe the moſt weight W. with the leaſt power or force P? 
Let the uppermoſt pulley A be fixt to a beam &c. as per fig. then 
with a little conſideration it will appear, that while the weight W riſes 
I inch, the power P ſettles 7, that is, (by theo. 183) one pound at P 
will raiſe 7 Ib at W, which will anſwer the queſtion, . For by the laſt 
queſtion, a man with two pullies, can raiſe twice his weight, with 3 
pullies he'll raiſe thrice his own weight, with 4 pulhes, 4 times his 
weight &c. half the number of pullies being fix'd, and the other half 
number moveable, and all the parts of the rope parallel ro each other, 
but if each pulley have a fixed rope it muſt be conſidered as a leaver 
of the ſecond kind, and ſo will double the power of the foregoing laſt 
pullies, i. e. 4 pullies will increaſe the weight 16 times. 


Queſtion 66. If by preſſing with a weight of zo lb at the end B (fig. 
194) of a leaver BA 77 inches long, the end A fix d at right angles to 


the head of a ſcrew, which by this preſſure, preſſes or raiſes a weight 
inch, what is this weight or force of the ſcrew ? | 


Here, in turning the ſcrew once about, the weight W moves but 
inch; but the power at B moves thro” 484 inches the periphery of 
a circle whoſe radius is A B 97 inches, therefore (by theo, 183) AST 
nch: 484 inches ; ; 3olb ; 14520 Ib the anſwer, 


* 
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Note. While the ſcrew turns once round two of its threads will aps 
pear, from whence we have this rule, as the diſtance between two con- 
tigious threads is to the diſtance mqved by the applied power, ſo ig" 
the force of the power to the force of the ſcrew in one revolution; 
hence we ſee the vaſt force of a ſcrew, and that the nearer together 
the threads are, the greater will the force be. 


Sweſtion 67. If a weight P of 150 lb, can be drawn up the ſide BA 
(fig. 195) of an upright wall 20 height, what weight W with the ſame 
eaſe, will be drawn up a plank C A 3olong laid a ſlope from the top 
of the wall to the bottom, the plank and wallbeing of equal ſmooth- 
neſs ? 

Here its plain that while the weight W riſes to the L height BA 
20, the power P that draws it (in direction parallel to C A) moves over 
the diſtance C A 30, therefore (by theo. 183) As AB20: A C zo: 
P x50lb : W 225 lb the anſwer, and ſo is BC 22,36 : 167,7 lb the 
preſſure againſt A C. See queſtion 69. 

Dueſtion 68. Let things be the ſame as in thelaſt queſtion (fig. 196) 
but inſtead of the weight W, being drawn in direction parallel to the 
hypothenuſe C A, ſuppoſe it to bedrawn up the ſame C A, in direc- 
tion parallel to the horizon CB ? 

Here its plain, while the power P moves the weight W from CtoA, 
it moves itſelf from C to B, and the ſaid weight W aſcends from B̃to 


CB 22,36 
C, therefore, (by theo. 183) as AB20o: bo: * 


W 167, anſwer, and 275 the preſſure againſt A C. 

Dueſtion 69. Things being the ſame as before, ſuppoſe the weight 
v to be drawn, or ſuſtained in equilibrio (fig. 195 and 196 by a power 
q I50lb in an oblique direction q v to the inclined plane C A, ſo a 
Bd 5, being perpendicular to the line of direction of the power, 
q v, then in fig. 195, ſuppoſe d C= 18,6 ? 

Firſt, If Be d is I to the traction q v, then it's plain, B d is L to 
q v the direction of the power C B to A B the diredion of gravity, and 
C d to A C the direction of the preſſure againſt the plane; therefore, 
(by theo. 159) As Bd 15:q1;olb:: C B 22,36 : v 223,6 lb, and 
fois Cd 18,6 : 186 lb the preſſure upon the plane A C, or if we take 
the fines of the angles oppolite theſe ſides, then the Lde v being 
the LCdB =comp. e vd, and the ſides being (by theo. 48) as the 
ſines of their oppolite angles, it willhold, the power, weight, and prel- 
ſure againſt the plane are reſpectively as the fine of B C d, the planes 
elevation, co · ſine of the L of traction e v d (viz. Cd B) and C d co- 
fine of the power's direction above the horizon, and when v q inſi des 
with A C, you have the ſame proportios as in quellion 67, or with BC 


23 P 160: 
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as in queſtion 68; from this laſt queſtion it is plain, that the preſſure 
* againſt the plain is greater when the time of the power's direction v q 
is below the plane, than when it is above it (all elſe the ſame if the Ls 
of traction be =) for in fig. 195, d C'is greater than it is in fig. 196. 


Nueſtion 70. What weight will a wedge A B C, (fig. 197) raiſe by 
applying a force or power of 1 50 lb to it's head at A B, the ſlant length 
CA=CB= 3 and thickneſs AB = 4. | 

Here its plain that while the wood &c. into which the wedge driv- 
en, opens its ſelf from H to B, or to A, the flant ſides of the wedge 
moves from B to C or from A to C; therefore, (by theorem 183) as 
HA=HB=2:BC=AC=5;:: Ipolb: 225 lb the anſwer, or 
if the wedge be oblique, As HB ＋ AH = 4: BC TAC SY G:: 
1c0lb : 225 lb the anſwer, here it appears, the ſharper the wedge the 
leſs force will drive it. | 

9reftion 71. If two bodies W and P be in equilibrio upon two in- 
clined planes A B 40 length, and A C 3o length, their common 4 
AP20, what is the ratio of the weights of theſe two bodies? Fig. 198. 

By queſtion 67, As AP 20: A C30: : 1: 48 2 P, 5 andas 
20: AB 40: : 1: 428 2 WS 2, i. e. (becaulc the bodies are in 
equilibrio) W S 2 and P=1,5, fo, as W: P:: 2: 15 :: 4: 3 
viz, the weight are as the lengths of the planes. 

Queſtiun 72. If two barrels the one holding 10 gallons and the other 
15 gallons, are to be carried hung over a horſe's back, how high mult 
the heavier barrel be raiſed to ballance the lighter ? | 

By the laſt queſtion, ſuppoſe the lighter barrel to hang down the A. 
AP (fig. 198) and the heavier dowa A C, then as AP: A Cf: 10 
: 15, fo (by theo. 13) the ſquare root of the difference of the ſquares 
of 15 and 10 is 11,z=PC; therefore, as 10: 11,3, or as 1: 1, 13, 
and ſo muſt the ſides of the horſc be raiſed, that the carriage may bal- 
lance, and one fide be not heavier nor lighter than the other. But if 
you ſuppoſe the barrels to be ſuſpended at A and B (fig. 149) the ends 
of a leaver A B, and make it as A G: G B:: 15: 10, this point G 
will (by theo. 18 5) be the common center of gravity of the two bar- 
rels, whoſe weights or contents are 15 and 10, and is the point in the 
leaver to be laid over the prop &c. that the weights may be in equil. 

Queſtion 33. I A C be an inclined plane, on which a cylinder open 
at top m n, and perpendicular to the ſaid plane is drawn uniformly in 
direction parallel to A C, required the angle of inclination A C B of a 
the plane with the horizon ſuch that the moſt water poſhble may be 
drawn out of a well at C, by the ſaid cylinder mn bd, in any given 


time? Fig. 195. 
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1. It's plain, the greater the angle A C B is, the ſhorter will A C, 
the way of the water he, and if n r be the ſurface of the water in the 
cylinder, then the greater the veſſel nr b d, or only it's height r b, is, 
the more water will be drawn, whence the product of the line of the 
L ACB, and height rb of the veſſel muſt be a maximum, therefore 
let e ſine L A C B, then /: 1 — ee: = it's co-line (radius = 1) 
and mb=nd gt, then the As A B C and u mr being ſimilar it will 
be by trigonometry as (: I- ee: line CAB Or mern): a (ms) 


. ereſore i b mr 21 


A 
vV :1 eee 


: e (ſine mur): mr 


ac A Eee 


— t b, ſo rb xe e m, a maximum 
il ee: J * rr ; 
ae e ee a 
and by (art. 421) yr + wan __, o, ſo we have 
. — e ” — 


I—cc|}=2ac—acec,andif we ſuppoſe a = 1, it will be i — ee 
ze cee, wherein will be found & = o, 4123 the natural fine of 
240 21” the anſwer, When the depth and diameter of the cy linder are 
equal, but if d = the depth and a = diameter, the angle will vary, and 


our equation become 1 — ec dg ae - ae ee, in which e may 
be found, whatever a and d be. 


Queſtion 74 If a wall of equal thickneſs a BC D (fig. 199) be built 
perpendicular to the fide of a hill, making an angle Ba E with the 
horizon a E of 200, what weight of the wall will be on each ſide B 
and a, and whether will it overſet or not, if its height aD = BC be 
Io feet, and it's thickneſs DCS g a B = 4 feet? 


Becauſe the wall is all of the ſame matter and thickneſs, it's center 
of gravity will be at G in the middle thereof Gn (being 4 a B) will 
be = 5 half the height and na n B= 2, half the thickneſs, let Ge 
be L. the horizon H e, then will Le Gn=L Ba E = 20, ſo (by theo, 
48) As fine LneGistoſmeLeGn 209%, foisnGg to e n 1,82, 
therefore, the wall will not overſet, be Ge 1 horizon, and paſtng 
thro? the center of gravity G, falls within the breadth a B of the wall, 


© now for the weight, e in this caſe is the center of gravity, ſo (by theo. 


185) as eB 3,82 is to e a 0,18, ſo is the weight at a to that at B. 

Oneſtian 75. A cart load of hay &c. 10 feet high and 4 feet broad 
is to be drawn on the fide of a hilt elevated 200, what mult be the 
height of the greateſt wheels poſſible, to carry it without overſetting? 

Leta B CD (fig. 199) repreſent the load, whoſe center of gravity 
is at G per laſt queſtion, produce Da and Ge till they meet in 2, 
then (by art. 28 :) a z, vill be the 4 diameter of the wheel, ſuch that 
the load will reſt in equilibrio in z, the lower edge thereof, the axle- 
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tree being at a, fo if the wheel be any higher the load will overturn 
upon 2, becauſe then G 2 L the horizon, will fall without the fide D a, 
then per ſimilar A8zae and G ne, ase n 1,82: e G5, :zea: 0,18 
: 0,54 feet = a 2 the radius of the required wheel, 

Oneftion 76. If Ba (fig. 156) be a beam, wall &c. whoſe weight ig 
500, it's center of gravity at C, (C B being = 22) and leaning, ſo as 
to make an L A Ba with the horizon of 60, and if a prop Aa, be ſer 
at A, 40 diltant from B the foot of the object, making an LB A a, or 
QA a with the horizon B A of 559, what weight doth the prop A a 
bear ? 

By theo. 191. Let radius = unity, then the natural co- ſine of 609 
22 X 500XO,5 

40 X 0,8191 


= 8 5 = 167,8, the weight born by the prop A a, which taken 
2,764 

from 500 the whole weight leaves 332, 2, for the weight preſs'd at B. 
and (by art 28 :) is in direction of a line drawn from B to the meet - 
ing of A a (produced) and a line drawn thro G, perpendicular to the 
horizon, 

Dueſtion 77. Things being as in the laſt queſtion, and the prop A a 
at the ſame place, what weight doth it bear, when the object B a preſ- 
ſes with the greateſt force, and the prop ſupports with molt eaſe ? 

By theo. 192. When the object makes an L with the horizon of 
51* o“ then it preſſes the prop A a with the greateſt force poſlibles 
which prop at the ſame time mult make equal Ls with the object and 
horizon, therefore the comp. of 519 50 is 380 100 whoſe natural ſine 
is 0,6180, and 180 — 519 50' = 1280 10 half whereof is 64* 5" 
the angle of the prop's inclination, whoſe natural fine is o, 8995, fo 


2X $99X0.019 188,9 the anſwer. 

49 X 0,0995 

Oueſtion 78. A beam B C (fig. 200.) whoſe center of gravity is at 
G, ora leaver B C bearing a weight G parallel to the horizon AD, upon 
two looſe props C D and B A, making on angle B A D with che horizon 
of 50, what angle muſt the prop C D make therewith, to ſupport the 
beam in equilibrio, B C being ↄ 8 and CG =12 ? 

1. Thro' G draw FG A. the horizon, and produce AB to meet in 
F, thro' F and B; draw F B A ſo is B A (by article 281) the other prop, 
then, (by theorem 47) as B G8: G C12 :: tangent L BFC 409 
(comp. LF B G 500) : tangent L GF C 51,32 whole compliment is 


38,28=LFCG or AD Cthe anſwer. 


is S o, 5, and the natural fine of 559 is =0,8191, fo 
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Oueſtion 79. If the weight G (laſt queſtion) be 500, how much of 
it doth each prop bear; or, if it be hung by the two ropes F B and 
FC, what is the tenſion oftheſe ropes, or the weights they bear 2 


Draw I H parallel to F B, then, (by article 281.) as fine L FIH 
910 232 (LA 50? + L D 389 287 and taken from 1800): 500 (the 
weightdenoted by F H):: line LHFI 519 32/ : 391,7 fere, the weight 
upon A B, and ſo is ſine LF HI 4o : 321,5 the weight upon CD, 
that is, the weight borne by AB is to that borne by C D as 391: 


321,5 or as 39 : 32; therefore, as (39 + 32) 7 is to 500 

2 , N CD or F C, . 
ſo is ; 1 the juſt weight borne by 15 B or FB, J inthele 
directions. Bet, if you would know the preſſure in any other direction, 


as that L to the horizon: then, (by theorem 157) as radius (LB EA) 
274.6 (force in direction B A) :: fine LE A B 500 to 210, z the pref- 
ſure in direction B E A. to the horizon, and : : fine L E B A 40% 
176, 5 the puſh outward in direction E B parallel to the horizon. The 
line may be done for the prop C D. 

Queſtian 80. Fig 157. If DCE be an upright wall height CD 20, 
built at the foot of a flope wall A BC, of the ſame height A B, and 
flope fide B C 3o, and the vacant triangle B C D, between the two 
walls be filled with earth, ſand, &c. with what force doth it preſs each 
wall? 

By art. 288, As 30: 20: : 1: 4, the weight ſuſlained by the wall 
C B, ſo (1-4) 4 = that ſuſtained by C D E, in direction D C, and 
as B C 30: AC 22, 36: : 1: * = 4959, the preſſure in direc- 
tion A C perpendicular to the wall D CE, and acts at L in direction 

GL (CL being 4 of 20 2 133. 

Queſtion 8 1. If aſolid inch of the wall D D E (laſt queſtion) be to 
a ſolid inch of the AB CD as 4 to 5, what mult be the thickneſs of the 
ſaid wall, that it may not be overſet by the preſſure of the A ? 

1 B D 22, 36 * D C10 g 223, 6ô the content of the A B CD, then 


(by theo. 193) Eex: y+P:=SCXP<XW, ap, DC EC 


| BC 
the we I's (C D E) content. Likewiſe, if e be the center of gravity of 
the two weights P (preſſing upon C) add y (upon R) then, by theorem 


185) THTXY (R being in the middle of C E, becauſe CD E is 
D+y 


equal thicknes)foE e= Ce+4CE= EN Lack; there 
| P+y 
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ACxDCxw 
II 


A cx — — becauſe the force in direction A C acts atL and 


8 


BC 
LC=4 DC. Then, (by art. 288) P = w 


fore, Ee x17 ＋P: : Y +3P:xCE= or = 


—— which put 


ACX3DOPC — but by the queſtion, y=D Cx CE xn and 
JBC 

= TAC xD C m (n being taken = 4and m = 5) which ſub- 

ſlitured in the laſt equation for y and w we'll have, after reduction com- 
ACNXODC 


1 
pleating the ſquare &c. CE =/I=XS . — 4 1— 


— 8 * 
DC, Tu RA : 14 EC: „NA, but to have the 
FC B * Ac B C 22 


=; then ECU PXQACXODE 
3 OBCxan 


„ in numbers it is, CE = 


; DC 
equation ſhorter, let 1— Fe * 


zzmmx AC. zmyAC 
16 nn : 4 


5X 500 X 400 , 4X 25 K Foo 2X5 X 22,36 
OOO In = 6,1 an, 
3X900X4 9X 106X106 | 3X4X4 


Queſtion 82. What mult be the thickneſs of the ſtone wall C D E 
(bg. 157) to reſiſt the preſſure of the A of earth B CD, the weight 
of {tone being to that of carth as 3 to 2, and allowing a heavy body 
to looſe 4 of its weight in fliding down an inclined plane B C, on the 
account of friction ? 


ſom = + (2 J of 2, or 3 of 2), foto have m and n out of frictions 
t will be as 3:4::9 : 4, that is, n=g and m g 4, which put in 


the laſt general equation, gives 4/_4» 500, 400 , 4» 16, 500 , _ 

| 3, 900, 9 9, 16, 81 

2, 4, 22, 0 E 

2223 = CE $00000 1 2885, the anſwer, 
3» 4+ 9 2700,9 11664 106 

But if the preſſure of the A BCD in direction DC downwards be 
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and thus appears the reaſon why tapering walls &c. are ſtrongeſt, 


taken away, or which is all the ſame, the two laſt terms in the equs- 
tion being but ſmall may be neglected, and then the folution will be 


very eaſy; thus, CE=m XD \ CxODClzi_,,i5%ooxm 
z * 3-X 4 X 900 


=+/ 92,6 1 9,6, for che anſwer to queſtion 81, and 


IO0OCOOO 


10800 


"o& WE ,/ 200000 =4/32,9 = 57, which is but a ſmall matter mon 
24309 

than 5,3 the laſt anſwer ; and therefore is to be uſed in ſuch caſes he- 

fore 5.3, becauſe this 5,3 is the breadth on the equilib, fo 5,7 mt 

do more than ballance, | 

Dueſtion 83. If the wall CD E (fig. 157) have no breadth at ty 
D and a double breadth 2CE = 11,4 at bottom, how much mor: 
preſſure will it then reſiſt, the fide C D next the preſſure being up. 
right and the other fide D E ſlant ? 

Firſt, half of 5,7 is = 2,85 = CR, R being the center of gravity 
when the wall is of = thickneſs, but 4 of 11,4 = 7,46 +, when n 
breadth at top; fo, as 2,85 : 7,46 : : the force of the former: that 
of the latter. That is, the wal CD E, will endure a preſſure « 
gaiaſt the fide D C before it turn over upon E, which is as 2,85, and 
if it become the wall A B C it muſt be preſſed againſt B A with a force 
as (+ of 11,4) 3,8 before it overturn upon C, but a force to orerſet 
it upon A by preſſing at B C is as 7,46 +, each of theſe preſſuresbe- 
ing in the ſame direction and at the ſame height above the bottom, 


The walls here mentioned are ſuppoſed to be equally ſtrong. or ſic 
well together. (See queſtion 108 and 109.) 


Queſtion 84. How many ſolid inches are in a pair of bellows ABC g 


when the fides AB, AC, are each a circle of 10 inches diameter, and th 
makes an angle B A C with each other at the pipe A of 300, and whit 
is the greateſt quantity of air they can poſſibly hold? (Fig. 201 wh 


I. Its plain by the figure, that if another pair of = bellows A CD, 
be laid upon A C, with their pipe over C, theſe two pair of belJows thy 
fo joined will form an oblique cylinder A B C P, half of whoſe con- be 
tent will be the anſwer; ſo by trigonometry, as radius: A C 19:: | 
fine L BAC 300: L CP; = height of the cylinder A B C D there- for 
fore 0,7854 (Ja Bx4CP = 0,7854 X 100 X 2,5 = 196,35 ſold ſl, 
inches, and the cofitent muſt be the greateſt poſſible, when the bd * 
CA and CB are L to each other, and then CP =CA AB o, | 


| whence 100 X 07854 X 5 = 392,7 ſolid inches, for the greatch the 


content poſſible. 
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Oueſtion 85. This and the 29 following queſtions are about wheel 
carriages, the ſtrength and ſtreſs of timber, walls, &c. A carnage of 
$ hundred weight is to be drawn up the fide of a hill making an £ 
with the horizon of 300, what force will be ſufficient to draw it when 
the radius of each wheel is 24 inches or 2 feet? h 

(By prob. 196, art. 265). The carriage goes with moſt caſe when 
the traces &c. are parallel to the hills fide &c. Therefore, (ſee hg. 
147) as fine radius: CE 2 feet: : fine LCE H 609 (comp. hills 
elevation) : C H 1,75 which ſquared and taken from 4 the ſquare 
of CE leaves 0,9375 whoſe ſquare root is 96. Then, as CE 2: 8 
hundred weight: : 0,96 : 3,84 hundred weight, the force fit to hold 
it on the hill's ſide. | 

Queſtion 86, Things being as in the laſt queſtion, but ſuppoſe the 
traces, or direction, to make an L with the hill's fide of 200, what 
force will the carriage require in that direction to hold it on the fide 
of the hill ? 

By theo. 180. As line 700: fine 902 ; : 3,34 laſt weight” found : 
4,1 hundred weight, the anſwer. 

Queftion 87. Things being the ſame as in queſtion 85, what force 
will be ſufhcient to hold the carriage on the top of the hill or obſtacle, 
whoſe L height is 0,25 feet (2 feet — 1,75 feet) in a direction parallel 
to the horizua ? See theorem 182. 

1. Multiply 3,75 the difference between 4 the wheel's diameter and 
0,25 the objects height by 0,25 the ſaid height, the ſquare root of 
0,9375 that product is 0,96. Then, as 1,75 feet (radius 2 feet —» 
obje&'s height 0,25 feet) is to 8 hundred weight, fo is 0, 96 to 4,3 
hundred weight the anſwer ; thus you ſee that in any poſition of the 
traces, that parallel to the object is the belt, 

Queſtion 88. If a wheel carriage is to be drawn on rough. uneven 


ound, how much eaſier will it be drawn on wheels of 3 feet radius 


than on thoſe of 2 feet radius? See theorem 181. 

As4:2t: 2 : 3, ſo is the force required to draw the greater 
wheels to that required ta draw the leſſer ones. 

Dueſtion 89. There are two wheels, the radius of one is 2, and of 
the other 5, which will have the molt advantage to drive an obſtacle 
before it? See art. 267. 

4 ½ 1: =:: 1: 2, ſos the force required by the leſ- 
ſer wheel to that required by the greater one. Hence, in this caſe which 
ſeldom happens, ſmall wheels may have the advantage; but in the 
foregoing queſtions great ones have it, 


*. — 90. Whether is the friction on great or {mall axle · uses, 
e mol} ? 


— 
— — FA * — 
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their velocities (viz. ) that of their axle - trees, will be as the diameter 


great ones, and in any machine, the ſmaller the that rub agaiaſ 


of 609 can bear 200 C weight, what weight will it bear in the ſame 


then is jult a breaking, a ſteel bar bears the ſame weight (c) but de- 


latter part of art. 311 ? 


Sa 


- ry -, 1 
. 
33 


1. The friction or rubbing parts may be taken as a force acting a. 
gainſt the force to draw the carriage, and therefore (theo. 183) the 
greater the velocity of theſe parts, the greater will the friction be; 
ſo if the wheels bearthe ſame weight, and turn about in the ſame time 


of the ſaid axle- trees. Hence, ſmall axle - trees have leſs friction than 


one another, the leſs is the friction. 

Queſtion 91. If a board be 2 inches thick and 10 inches broad, hoy 
much more weight will it bear edge way, than broad way? See art. 301, 

I. In all the like ſections, the ſquare of the depth, or {ide of the 
ſection L the horizon, multiplied by the breadth, or {ide parallel there 
unto, is as the ſtrength. Therefore, 2 x 2 * 10 40, and 10 x 10 
X 2 = 200, ſo, as 40: 200, or as 1 : 5 :: the ſtrength broadway: 
the ſtrength edge way. 

Queſtion 92. If any beam &c. n an angle with the horizon 


place, when parallel thereunto. (By art. 300) This 200 C, weight 
multiplied by 0,5 the natural co-iine of 600 the inclination, gives 100 
C. weight the anſwer, 

Dueſtion 93. An iron bar bearing 500Ib bends thro' 1,8 feet, (b) 


fleas only 0,1 foot (B) then is juſt a breaking, with what velocity (/ 
mult a ball 5 1b weight (w) be thrown againſt each to break it, lee the 


1. d be 20 = 1,8 X 500 + 10= 90, then, (theo. 166) a 
16: 32: : d ( 90) : 76 nearly feet per ſecond S v, for the 
iron bar; and taking o, 1 for 1, 8 we get v = 9 nearly, for the (tee, 
Hence, force to break the iron : force to break the ſteel : : 76 x 500 
:9 X 500: : 76 : 9 the anſwer. | 

Quęſtion 94. How much weight will an oak beam 10 feet long and 
1 foot quars bear, before it break, when a like piece of oak a foot 
long, and v of a foot ſquare beares 320 lb to break it? See art. 308. 

Here e = 1, d=0,1, g=0,5,v = 320lb, w =0,44 Ib, the weight 
of a peice of oak 1 foot long, and o, 1 of a foot ſquare, a = 
dd=,on,, E=10,, D i, A = DDS 1. Whence y= 
DDDecx.: WIV: —+#dEEDDw — 318,02 02 = 31802 anl, 


d dd Ee 01 


Queſtion 95. How long muſt the laſt mentioned beam be, to break 
with its own weight? Sce art. 308. 
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Deew4+2Deevſ® _ 
d w 


x. From dEEw=Deew+2Deev, we get E 


* 640-44 = 120,6 feet, the anſwer. 
»044 | 

ueſtion 96. If a ſquare priſm of oak 1 foot long and 0,1 of a foot 
ſquare, bear 320 to break it, what are the dimenſions of a ſimilar oak 
priſm, that breaks with its own weight? See art. 308. 

I. ES: e WT ze Y: +W=640,44 + 0,44 = 1455,54 feet the 
length, and as 1: ®,I ©: 1455454 © 1454554 feet, aſide of it's baſe, 

Nueſtion 97. If a ſquare priſm of oak ſupport 320 Ib weight, before 
it break, required the dimenſions of the ſtrongeſt ſquare beam of oak 
poſſible, ſimilar to the ſaid priſm, being a foot long, and o, 1 of a foot 
ſquare ? See art. 308. 5 

Here e = 1, V = 320lb, w = o, 44 lb the weight of the ſaid priſm 
then E = 2<< = 3, 2X5 9244 +0640: = 970, 37 feet the 

3 1,32 . 

length, and as 1 : : 0,1 : : 970,37 : 97,037 feet a ſide of it's baſe, 


and the weight it will ber is y = 2 — — EEEwS 


132300000 Ib, nearly. 

Queſtion 98. If a ſquare oak beam 10 feet long and 1 foot ſquare, 
31802 lb, what will each priſm bear when it is ſlit into two triangular 
ones, ſupported the ſame way as the beam was, with a ſide parallel to 
the horizon ? | 

1. Here (ſee theo, 195) we have PS, p=4, D d, Ege, G=g 
TES Te, TCI, w = 440 lb the weight of 10 ſolid feet 
of oak, the ſquare beam, v = 31802 lb, which duly ſubſtituted in the 
ſaid theorem, we'll get y = :w +6 v.: + 8 = 23997 lb, the weight 
borne by each priſm, and is much above half of 31802 lb, the weight | 
borne by the whole beam. 


Queſtion 99. Whether is a ſquare beam ſtronger, when it lies corn- 
er uppermoſt, or a fide uppermoſt ? See art. 302. 

Let a = area of the ſquare, d =it's ſide, D = its diagonal, then 4 
qa is the ſtrength, when the weight preſſes one of its ſides, and 2 
Da=rj4day/ 2 (for DD= 24d) = x} da nearly, the ſtrength in 
direQion of its diagonal, i. e. as : g:: 6:7 :: the weightit will 
bear upon a ſide to that it will bear upon a corner, for in both cales, 
the length and weight, of the beam is the ſame. 


* U 


—— . .. —— —ä = 


| whence 7 = 


14 THE UNIVERSAL MEASURER 


©neftion 100. Whether are round, or ſquare beams ſtronger ? See 
art, 302. 

. two beams, the one round and the other ſquare, of the 
ſame matter, length, content, and conſequently weight, then if d = 
the diameter of the round beam or cylinder, it's ſtrength will be 
+2451 ddd, and D the fide of a ſquare = the circle will be 4/ 7854 
dd=,887 d =D, but + D = ,236 ddd, is the ſtrength of the 
quare in direction of it's fides, and by the laſt queſtion 7 of ,236ddd 
= ,275 ddd, the ſtrengtli of the ſquare, in direction of it's diagonals, 
Therefore, theſe three ſtrengths ate as the numbers 245 for the round 
236 for the ſquare on one of it's ſides and 275 if on one of its corners, 


' Dueſtion 101. If a round beam 1 foot diameter, 10 foot long 320 lb 
weight, bear 30000 lb, what weight will it bear if hollowed, diameter 
of the hoKow o, 5 foot? See art. 302, and 308. 

Let D = 1, the diameter of the cylinder d = that of its bore, a = 
the area of the ring e = 10, the length w = 320, v = 30000, then 
GS geg E, in the plane of a circle we have g d, in the pe- 
riphery thereof 4d, in each caſe = 4d nearly, ſo 3 Da is nearly as 
the ſtrength of the hollow cylinder, and 0,245 DD P, as the ſtrength 
of the round beam, but a =DD - dd: x ,7854 =,75 X 37854 
= »589, alſo as 7854 DD X10: 320: : „589 X 10: 230=t 
then as, 245 D. DD: ZeWTev :: 4 Da (, 196 D): zez re), 
„196 K WT 2v: — 245 2 | 
| 5 X2 — = 24013 lb anſwer, 

Note. If the area a, be very ſmall, 4 D, ſhould be uſed, but if a 
be pretty great, and d but ſmall, it is better to take 5 D. This laſt 
anſwer will be truer if we take 11 D, half the ſum of theſe two, tho 
the difference is very little. 

Dueftion 103. If a ſquare beam 1 foot ſquare (D) 10 feet long (e) 
weight 440 Ib (w) bear 31802 lb (v), what weight (y) will it beat 
when cut into a ſquare pyramid of the ſame length and baſe ? Sce 
theo, 195. . 

1. Becauſe a pyramid is of it's circumſcribing priſm, therefore 
2 , alſo G e, g re, D=d,P=p, C=c, by which 
the {aid theorem, becomes N] v = 4 z Ty, whence y =v T 
w = 31802 + 183,33 = 31985,33 lb. Whence, the part will bear 


more than the whole. 


Note. Theſe beams fince queſt. 90, may either be fixt at one end 
or ſuported at both ends, either parallel to the horizon or make any 
angle therewith provided, any two beams in the ſame queſtion have 
the ſame poſition. In this queſtion the beam is fixt at one end, if it 
be ſupported at both ends it muſt be two = pyramids, 
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Oueſtion 103. If a cylinder of any kind of metal 1 foot diameter 
(4) 10 feet (e) length, weight (w) 900 lb, fixt at one end, and at the 
other bear a weight of 5000 lb before it break, (v) what weight, or 
force (y) will be fit to twine it about? See art. 302, and 304. 


1. 245 ddd, or g of, 7854 d d d, is as the lateral ſtrength, and 
(tb dd) +3 bdd = of 3, 1416 d d d (becauſe 2 d x 3, 1416 b) 
is as the twiſting ſtrength, but as g of , 7854: 3 of 3,1416: : 5:8 
: lateral ſtrength : twiſting ſtrength. Therefore, as 5: 4e Wer 

4we +8ve 


T2 Sf 


5 =} = 87206 lb anſwer, 


Note. Becauſe 3 of 3, 1416, is always the ſame, let d be what it 
will; therefore, the ſtrength of cylindrical pieces, or of any ſimilar 
pieces of timber, being twiſted, will be as d d d, the cubes of their 
diameters. Therefore, if a force of 5 lb weight twine a hazel rod of 
half an inch diameter, a force of 40 lb, will twine one of 1 inch dia- 
meter, for as, 125 (cube of 4): 1: : 5 lb: 40 lb. 

Queſtion 104. A cylinder one foot diameter (d), 10 feet long (e) 
900 lb weight (w) fixt at one end parallel to the horizon, (as in the 
lat queſtion) and at the other end bears (v) Sooo lb at it's outmoſt 


ſtrength, if it be laid on a plane parallel to the horizon, what weight 
or force (y) will pull it aſunder? See art. 303. 


1. Here Gg e, g=4d, s d, ſo: Tewev: xdgsy⸗ 
de X:xW+v: 10 X 3 450 + 5000: X 16 
whence, y = © gs _ 5 = 
174400 lb the anſwer. 


9ueſtion 105. If the laſt mentioned cylinder, be ſuſpended by one 
end, what weight at the other end will pull it aſunder See art. 303. 

I. Becauſe in this caſe its own weight goo Ib, is alſo employed in 
pulling it aſunder, therefore (ſee the laſt queſtion) 1744%0 — 900 = 
173500 lb to part it at top. 

Queſtion 106. A beam length e, weight , fixt at one end, bearing 
a weight v, at the other end, what weight will it bear in the middle, 
when ſupported at each end, and alſo, when fixt, or nailed down at 
each end? See art. 311. 

1. When fixt at both ends, then e TWIT Te vA, is as the 
ſtreſs, if only one end be ſixt, but the other fixt end bears 4 weight, 
therefore, half of Lew+tev=igW+FCV, is as the ſtreſs when 
nailed down at both ends; but 4 e w + ev, & ſtreſs when fixt at 
ane end, and j e We v, when ſupported at both ends, hence theſe 
ſtreſſes are as 1,8 and 2 ſo the weights they'll bear, are as 8,1 and 4- 
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Queſtion 107. Two ſimilar rectangular beams, or plates, of the fame 
depth d, lengths e and E, breadths b and B, weights wand 2, weights 
borne v and y, whether is the ſtronger? See art. 299, and 30). 
The plates &c. being of the ſame matter. 


1. Bdd x: ewe V: bd d x: EZ NE: and taking 
dd out of each fide, and dividing by e and E, it will be e B NU: * 

v: Eb: 4z 4: but becauſe the ſolids in reſpect of length 
and breadth are ſimilar, eB = Eb, for as B:E:: b: e, therefore, 
w42v=z+2y. Hence, if wand 2, the weights of the ſolids, be 
neglected, as they may in ſmall ones, we'll have vg, that is, they 
will bear equal weights, as per art. 299. 

From theſe queſtions appear the impoſſibility of things being infinite. 
ly great, for the ſtrength being as the cube of the depth, and the ſtreſs 
as the product of the matter and length, it's plain the ſtrength increaſ- 
es in a leſs ratio than the ſtreſs, and therefore, any wall, tree, beam, 
mechanic engine, and even man or beaſt, may be taken ſo large, as to 
break, or be cruſh'd by it's own weight, whence it is, that little ani- 
mals, machines &c. (ſimilar and of the ſame matter) are more ative, 
will carry more weight, leap further &c. for their ſize, than great ones, 
becauſe the ſtrength increaſes in a leſs proportion than the ſize, or 
weight, and ſo cannot reſiſt any violence in the ſame ratio of ſize, 

Queſtion 108, A wall is to be built with a plane rectangular face to- 
wards the wind, what muſt be the form of its backſide, that it may be 
equally ſtrong to reſiſt the wind? See art 305. 

1. If the parts of the wall ſtick well together, the back · ſide there- 

of muſt be a ſtreight ſlope, or the thickneſs of the wall a plane triangle 
whoſe hypothenuſe is the ſaid ſlope. But if the wall is built of look 
materials, the ſaid ſlope ſhould be a common parabolic curve. 
 _ Dreſtion 109, In what form mult a tower &c, be built to be equally 
— 14 ſtrong throughout, in reſiſting the wind? See art. 305. 
f I. As in the laſt queſtion, when the weight preſſes uniformly, or 
| the parts ſtick well together, then a cone ſtanding on its baſe is belt, 
Otherwiſe, parabolic conoids are equally ſtrong throughout; for a cone 
or pyramid fixt at baſe, or a wedge ſo ſixt at it's thicker end, and its 
two parallel ſides, parallel to the horizon, a weight, or power pulling 
at the other end, will no ſooner break it in one place thanin another. 
Alſo, if a beam &c. has each ſide cut in the form of a parabola, fixt 
at baſe, pull'd at any where, it is equally ſtrong between the baſe, and 
place ſo pull'd at, and therefore equally fit throughout to ſupport it- 
ſelf. Alſo, if a ſpring be made by the firſt part of the ſaid art, -95, 
the ſtreſs will in every part be proportional to the ſtrength. 
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Queſtion 110. A veſſel, or wall, to hold a bank of earth, or any 
Auid body, in what form muſt its out · ſde be, that it may be equally 
ſtrong throughout, when the in · ſide is ſtreight, and upright ? See art. 
305. and the laſt queſtion. : 

A wall to anſwer this end, if the parts ſtick well together, ſhould 
be concave in form of a ſemi-cubical parabola. But if of looſe materials 
then a right line or ſloping plane ought to be it's figure, 

Queſtion 111, A beam, or foot-bridge, horizontally ſupported at 
each end, into what form mult its under- ſide be cut that it may be e- 
qually ſtrong throughout to ſupport a variable weight ? (Fig. 202) 


See art. 306. | : 
1. The form of the under-fide muſt be A Q B, a half ellipfis, but if 


the beam ſhould be equally ſtrong throughout to ſupport its own weight 
then QA and Q B ſhould be two common parabola's, in u hich caſe 4 
of the beam may be cut away without any loſs of ſtrength, 


Oueſtion 112. A bow is to be made out of a cylinder 10 feet long, 
and 1 foot diameter, into what form muſt it be cut to be equally ſtrong 
throughout in bending, and what is its ſolidity when ſo cut (hg. 203) 
See art. 305. | 

x. This is the ſame thing as to make a ſpring equally ſtrong &c. If 
the bow is to be made tapering from the middle then its form A DE B, 
muſt be two conoids A DE and BDE of two equal cubic parabola's, 
joining in the middle on one common baſe at E, diameter there equal 
1 foot, and therefore, it's ſolidity will be to that ofthe whole cylinder 
as3to 1, or as 3 to 5, and therefore + of ſuch a cylinder may be cut 
away without loſs of ſtrength, but if the bow is to be made of half a 
cylinder, and the inſide AD B, to be every where of the ſame breadth, 
then the out- ſide A EB, mult be two common parabolic curves, A E 
=BE, then it's ſolidity will be to that of the half cylinder as to x, 
or as 2 to 3, ſo 4 of the half cylinder may be cut away. 

2, Otherwiſe, If we ſuppoſe A B perpendicular to the horizon, and 
a weight w laid upon A to bend the bow, then ũnce this weight w acts 
in direction A B, it may be ſuppoſed to act at C, in any part of A B, as 
at the end of a lever CD, whence (by theo. 190) the ſtreſs at D, will 
be as CD, or as AC, or as AD, becauſe, CD, AC, and AD, are 
all nearly right lines. Therefore, if d = eE, the depth of the body 
AEBeD be = it's breadth, then if the ſtrength which is as b d d, be 
every where as the ſtreſs, that is, A C be as bdd, it will be the very 
lame with the firſt part of art. 305, and ſo the anſwer as before. In 
like manner, if E Ae bea prop ſet oblique to the horizon, to ſupport 
a weight w, it's evident, this prop to be equally ſtrong throughout, 
muſt be cut into the form of half the bow, with it's greater baſe ſet 
on the horizon Fe E. Allo, if a piece of timber &c. be bended in 
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ſeveral places, the force to break it in any point D, will be as a per. 
pendicular DC, let fall from that point upon A B, the line of direction 
of the force, let the bending be what it will, and in any direction. 

Queſtion 113. If a beam A B (fig. 161) 10 feet long, ſupported at 
both ends, bend thro? a diſtance C D 6 inches from it's middle, what 
will this deflection be if the ſaid beam be 20 feet long? See art. 310, 
and 311. 

1. Let e = 10, E = 20, a =CD = 6inches o, 5 feet, then b and 
d being ↄ in both, it will be as e eee: (0,5) a:: EEE EE LEES 4. 


ccc 
=8 feet, the anſwer; for as e: W:: E: it's weight, the weights be. 
ing as the lengths, but if the beam be a breaking with 6 inches de- 
flection, chen as e e: a:: EE: E Ea ee g 2 feet, the deflection 
of the longer beam, when it breaks. 

If two props E and F (fig. 204) are to be ſet to the ſlender cylin- 
der De He D, ſo that the bending may be the leaſt poſſible, then 
De=De muſt be of D HD, the whole length of the cylinder? 

Theſe queſtions are of great aſe in the conſtruction of machines, 
teaching how to make their parts equally ſtrong, and of the lealt 
weight &c. 

Alſo, If the ſtrength of any ſmall piece of any fort of timber &c. be 
known, the ſtrength, or weight, that any beam of the ſame matter vill 
bear may by theſe queſtions ſoon be found. Thus, if a ſquare priſn 
of oak, a foot long, and an inch ſquare, be horizontally ſupported at 
each end, it will bear in the middle 320 lb weight before it break, and 
ſo may any other body be tried ; and thus, the proportion of ſtrength 
of the following bodies is found, viz. oak, box, yew, plumb-tree 11, 
elm, aſh, 84, walnut, thorn 44, red fir, hollin, elder, plane, crab-tree, 
apple-tree 7, beech, cherry-tree, hazel, 62, alder, aſp, birch, white: 
fir, willow 6. Iron 107, braſs 30, bone 22, lead 62, fine free ſtone 1, 
A good hempen rope of an inch circumference drawn in length with 
1000 Ib will break. See Emerſon's mechanics, for theſe experiments. 


The 26 following queſtions are about pendulums, muſical cords, 
ſounds, bells &c. 

Pueftion 114. A pendulum length 11, CSB (fig. 158) ſuſpended 

at 8, at 1 within the end, what weight B muſt be at the lower end, 

that the pendulum may ſwing the faſteſt poſſible, when a weight C, d 


100 Ib is fixt at top. 
1. Let SC=c=1, $B=b= 10, and the points O and G, the 


C 
centers of oſcillation and gravity, then (art. 294) : — 7 = 
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8022862 2 which multiplied eroſs · wie and re- 
+ | 


Chc—Cbb—C 
duced, is BB—: . 


2 eee, then B B—2 7 =————<ccom- 


plete the ſquare &c. then you'll find B=2z + 4/ 122 —— 1 


70,5 /: 4970, 25 — 100: = 70,5 + 69,6 140, I Ib anſwer. 
Queſtion 115. A pendulum 11 long, ſuſpended 1 within the upper 
end, what weight B mult be at the lower end, that the pendulum in 
$ vibrating may have the greateſt momentum poſſible, with the molt caſe- 
when a weight C is fixt at it's upper end, of 100 lb? See queſt. 253. 
1. Let c=SC =1 (fig. 158) b=SB = 10, then (art. 292.) 


Ebb gef i; asthetime tof vibrating, which time is as v the 


* Bb — Ce 

Bbb+Cec 
Bb+Cc 
c vB & the forces of the body, B, or C, therefore by making this 
expreſſion, or /: 2 5 5 + 45 AS : it's equal a maximum, we'll 


velocity, and v B, is as the momentum, therefore B: 


3 BBbb +2BCce _ 

y/ :B*b*4+BBCcc: xV:Bb- Ce: 

dy: BBBbb+BBCec: = ©, which reduced is BB + : 
Bb—Ce|t | 

Chee—3bbCce. 


2bbb 
then it will be B B+ 22 = <<< 
| bb b 


(by art. 223, or 421,) Balone variable 


& eee _Cbec—3bbce 
xXB= F 2bbb * 


, which by completing the ſquare 


&, gives B ZT zz + Pyr : = 7,25 t 32,5625 + 


20000 25 15, 16 Ib the anſwer. 


Hence, any machine working beams, as levers, &c. with an acceler- 
ated motion, is in its beſt perfection, when if the power Bbe in equilibrio 
with the weight C, and there be taken 1,516 B'inſtead of B, or nearly 
1,5 B. viz, the ſaid power B increaſed one half; for it is plain, if a 
pendulum ſwing flower it loſes time, and if faſter it will be too much 
ltakenor ſtreſs d. 


= 


1 
>. 
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Note. In the following queſtions about pendulums, any body wil 
anſwer the ſame end, whoſe length between the point of ſuſpenſion and 
center of oſcillation is = the length of the pendulum, (Quelt, x16) 

If a cylinder, or priſm, of equal matter every where, and 58,8 in- 
ches length, be ſuſpended cloſe by one end, it will be a ſecond pen- 
dulum, for 3 of 58,8 = 39,2 &c. | 

Dueſtion 116. If in any latitude, a heavy body by the force of it' 
own gravity fall thro a diſtance of 139% inches in the fir{t ſecond of 
time, what mult be the length of a pendulum in that latitude to vibrate 
ſeconds ? 

By theo. 175. As the ſquare of 3,14159 &c. is to 1 fo is 139% in- 
ches to 19,6 inches, which doubled gives 39.2 inches the length of a 
ſecond pendulum viz. of one that vibrates 60 times in a minute, 


Queſtion 117. If the length of a ſecond pendulum be 39,2 inches, 
what is the length of a half ſecond pendulum ? See theo. 174. 

As ſquare 2 ſeconds (4) is to ſq. 1 ſecond (1) ſo is 39,2 inches to 
9,8 inches the anſwer. 

Queſtion 118. Pray what length muſt a pendulum be, 

To vibrate once in ſeconds three; 
Where ſecond pendulums have their lengths, 
Thurty-nine inches and two tenths. 

By queſt. 117. It will be as {q. 1 (1) is to ſq. 3 (9) ſo is 39,2 
352,8 inches anſwer. So that if a rope or cord have one end faltene 
to the top of a houſe &c. and at the other end there be a weight, and 
if it vibrate once in 3 ſeconds, the length of the cord or height of the 
houſe is 352,8 inches. 


Queſtion 119. If a pendulum meaſures mean or equal time whenit 
vibrates in an arch of 59, what ſeconds will it loſe per day when it 
is made to vibrate in an arch of 99? See theo. 177. 

From 49 = ſq. 7, take 25 = ſq. 5, there leaves 24, and + of 245 
102, the required number of ſeconds loſt per day. 

Ougſtion 120. If a pendulum beats ſeconds when the height of the 


barometer is 30,25 inches, what time will it beat when the ſaid height 
is 36 inches? (Art. 443.) 


1. Here m and S are each very ſmall, ſo zm b + ©< — Wes 
4 3d 9dd 


&c, = I D, will be 2 mb + 432 =1D nearly, the difference 
d 


| 3 ; 23 
between the arch's of deſcent and aſcent B A and A I. Now if m be 
negative or — m, or {ſuppoſed to accelerate the motion of the pendu- 


lam, ſo as juſt to overcome the reſiſtance of the medium, the pendu- 


*  Y —_ 
= * ll i." * _ N 
\ * A * = Y 
- 
. L 


9 * 
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um will then vibrate ſtill in the ſame arch, and chen l PO mb 
+ whence 3mbd = 2 aa; therefore as m, the force acting uni- 
3 


formly on the body to counter ballance the reſiſtance of the medium, is 
to 1, the weight of the pendulum, ſo is 2 aa to 3b d. Hence, if the 
force m, which keeps the pendulum in motion, be conſtant, a, the arch 
deſcribed will be as b d, or if m be 1 bd couſtant, then 
a is as m. 

2. Again, whenm=0, c will be = a, 8 3. 1416 0b 


22 —232 &. which ſuppoſe = 1 ſecond, the time of deſ- 


PE 


6dd g9ddd *' 
cribing the arch a, when the height of the barometer is 30, 25 ,., 
let h = 36 the other height, and c= arch deſcribed at that height in 
the time t; then becauſe / b d a, or (becauſe b is conſtant) 
da, and (it's plain) the denſity of the medium or height of = 


barometer is inverſely as d, it will be as / h: H:: a: % K. 


e and as h: H:: d: * =D, w hence, if 3,1416 0 bx: 12 
7 Page Taschen 3,1416 b x: 1＋ 755 &. : t, th therefore 


T:t::14 woke :1+ is „ where if a and d be known, 
SES. >. CHD 


the true anſwer may be had; but the following way may give a gueſs 
and is much eaſier, thus, ſince h d and H oy D, let a be ſuppoſed 


equal 6, chen as T: t: 214: 14: 14. 
6 hh 6 HH 6 hh 
I + 214: 1 ſecond ; 1,0508 ſeconds 
TTW +22 * 181,5 


the anſwer, which (tho' ſo great an alteration as 5 + inches in the 
barometer can rarely happen) is ſo ſmall as ſcarce to be regarded, the 
alteration which happens by heat lengthening the rod of the pendulum 
is much more, tho' in theſe parts it is not ſo much as in hotter climates, 
but becauſe heat raiſes mercury and expands metals, a cylinderic tube 
hlled with mercury, might be ſo taken for the rod of a pendulum, as 
nearly would correct this error, 

3. If hand H be inverſely as the denſities or any other two perfect 
fluds, the above work holds true, as well in the fmall arch of a circle 
3 in any arch of a cycloid for which this queſtion is intended, 


* X 
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4. In the above value of T, when d is infinite, or the reſiſtance of 
the medium = ©, then T = 3,1416 . b, the ſame with art, 424 
Alſo, I = 3,1416 Vb the fame thing whether m be =o, or = any 
finite number; hence, if the reſiſtance m be uniform, the vibrations 
will be ifochronal, and performed in the ſame time as if there were 
no reſiſtance, if the bobs of pendulums be pretty denſe, as of lead, 
iron, &c. the reſiſtance they'll meet with ia air, is fo little as not to 
be obſerved. a 

Dueftion 121. If there be 12 threads in an inch length on the ſcrew 
of a penduluin. and the clock gain 3 minutes per day, or 24 hours, 
how many threads muit the bob be. let down to meaſure mean tiue ? 
Sec theorem 177, 

Here 43 of 3 & 12is = 2 threads nearly, for the anſwer ; but if 
the clock wie cthree mjautes: per day, the bob muſt be raiſed near tuo 
mreads. By theſe two laſt. queſtions any pendulum clock may be te- 
gilucd, the laſt method being eaſieſt is molt practiſed. 

Oucſtion 122. Required the length of a ſecond pendulums rod, it's 
bob being a globe (as commonly they are) of 2 inches radius. See 
art. 292. 

Let 21 = 29,2 in. the length ofa 24 pendulum, r = the radius ofthe 
bab, to fiad d, the diſtance between the centers of the bob and pia on 
3,4. 5% O. rr 
: 184 4 whence 
dd + ,4rr = 2dl, and by compleating the ſquare, dd - 2d1 Al: 
J| — , 4 which ſolved gives d — * a 2 11 — 4 rr: — 29,16 in- 
ches, anſwer. Or (39,16 — 2) 37,16 inches, the length of the 10d 
between the pin, and periphery of the bob. 

Queſtion 123. fs a fig. 206) be 30 inches the length of a pendu- 
Jum's rod between the pin s, on which it hangs, and the bob a, and its 
weight to that of the bob as 1 to 2, what is it's true length, the ra- 
dius d a of the bob being 1 4 inches? 

The rods of pendulums are commonly light in reſpect of the bobs, 
but if their weights be conſiderable, then the common center of oſ- 
cillation of the rod and bob, points out the true length of the pendu- 
Jum, let O be this center, B the center of oſcillation of the bob and A, 
that of the rod. then comparing this queſtion with theo. 194, we'll haves 
S8 Ag Jof Sag 20, Amtl, 8d (30 41,5) 31,5, B=% 


and b (by art. 292) 21.5 +. oe. 31,5 + 22_ = 3153 
5 das | 31,5 
so g 25 inches fere, auſwer, theh 


Are 


Which the pendulum hangs, then 21 d + 


> 3 Þ whence 


a" 2a = <a 
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(by queſt, 117) As 29 : 39,2 : : UL 1 ſecond (1) : 1,35 whoſe ſquarg 
root is 1, 19 ſeconds the vibrations this compound pcudulum will make 
in 1 ſecond. 

Queftion 124. If a pendulum 39,2 inches Jong, vibrate ſeconds at 
London (latirude 51 32“) what time Witt it gain or loſe, and how 
much per day, when removed ro Whitehaven, ( latitude 54* 56'). 
See queſtion 271. | 

Since the earth turns round its axis in 24 hours it's evident that every 

article of matter on it's ſurface will in that time deſcribe a circle the 
greatelt of which will be that deſcribed by a particie under the equi- 
noctial, viz. on the middle of the earth and conſequently will have the 
greateit velocity, which velocity manifeſtly endeavouis to throw away 
every thing from the center, ſo that where this velocity is greatelt, the 
force of gravity (which impels) towards the center mult be leait, from 


# which conſiderations, Sir Iſaac Newton has proved, that the gravity 


at the poles is to the gravity at the equator, as 692 to 689, therefore 
the decreaſe of gravity at the equator is gy} parts of the whole, but 


| this decreaſe at the equator is to that in any other latidude, as the iq, 


of radius is to the ſquare of the fine of that latitude, therefore, 28 1 
(J radius 1) is to ,6131 (C7 line 51? 32“ ſo is 3 {decreate of gravity 
at the equator) to 1,8393 (decreaſe of gravity at London) which adds 
ed to 689 the gravity at the equator gives 690,8 393 the gravity at 


London, in like manner you'll find 691,009 for the gravity at M hite- 


haven. Then as 690,8393 is to 691,009, ſo is 39,2 to 39,21 inches 
the length of a ſecond pend. at Whitch. by queſt. 117, the clock will be 


pound to gain 4,176 ſeconds per day. From this ſolution it appears that 


689 lb at the equator will weigh 691,009 I at Whitehaven, 1. e. ifs 
perſon can ſuſtain 691,009 Ib at the equator, he will be equaliy ſtrain- 
ed with 689 lb at Whitehaven, which is the reaſon that the clock 
gains time there, for where gravity is quickeſt, the vibrations of pens 
dulums mult be ſo too, gravity being the cauſe of that motion. By 
queltion 116, 


Nueſtion 125. If a muſical ſtring weighing 8,64 grains or oi lb 
length 24 feet or 30 inches, be ſtretched with a weight at one end of 
10 Ib, how many times will it vibrate in one ſecond, allowing a heavy 


body to deſcend 16 feet in the firſt ſecond of time from a ſtate of 


relt? See theorem 179. | 


Here /: 2X 10X10 , 432 = / 85333 = 29244 
2, X 0015 »0037 


times anſwer, 


Rreſtion 126. If a ſeconds pendulum, be made with a thread and 
bullet, and put to ſwinging in an arch of 12 inches, and the bule 
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let be obſerved to fall & of an inch ſhort of 12 inches the firſt vibration 
how many ſeconds will it ſwing before it be at reſt? (Queſtion 120, 
art. 443.) | | 

1. Since ID=2 mb+ £ — &c. if d be infinite, or the reſilt- 
3 
ance of the medium o, then, I D = 2 m b, i. e when the reſiſtance 
m is uniform, I D the diſſerence between the arches of deſcent and 
aſcent, BA and Al is ſtill the ſame, let the arch deſcribed be what it 
will, and (ſtep 4th queſtiqn 120) all ſuch arches are deſcribed in the 
ſame time, and the reſiſtance this pendulum meets with from the air, 
being ſo ſmall as to be neglected, it will ſwing ſo many times before it 
be at reſt, as there are quarters of an inch in 12 inches, viz. 4$ times 
or ſeconds. | 

Dueſtion 127. With what weight muſt a cord 6, feet long, be 
ſtretched parallel to the horizon, that it may vibrate half ſeconds al- 
lowing 16 feet for the deſcent of gravity in the firſt ſecond ? See 
theorem 179. Ine 


Bf=—=6w, or f= + w, hence, the tenſion mult be 3 fourths of the 
cord's weight. : 

Queſtion 128. There are two mulical cords of equal lengths and 
diameters, with what force or tenſion, muſt each be ſtretched, to 


ſound a fifth? See theorem 178. 
Here, the vibrations being as 3 to 2, the tenſions mult be inverſely 


as the ſquares of theſe numbers viz. as 9 to 4. 

Definition, If two muſical ſtrings vibrate in the ſame time the con- 
cord is moſt perfect, and more agrecable to the ear than any other, 
and is called uniſon, and ſo on as here ſet down. 

If the times of the vibration of two muſical ſtrings be, 

(1) (1) 7 #uniſon, which is moſt pleaſing to the ear, 

* , 17,12} 5 ] diapaſon or octave, leſs pleaſing, 
9 0 . ) 3 ö 4 ; diapente or fifth, leſs pleaſing, 

13J 1400/2 | diatefaron or fourth &c. of which this laſt 
and the next that follows it in order are not ſo pleaſing to the car, and 
are therefore called imperfect concords, nor are there above ſeven notes 
(beſides the half notes called flats and ſharps, by which the natural 
notes made half a note higher, or lower, as the nature of the muſic 
requires) in all the infinite variety of tones fit to merit a place in mu- 
ſical compoſition. | 

Queſtion 129. If two muſical ſtrings of the ſame kind A and B hare 
their tenſions equal, and their diameters as 5 to 6, what mult be ter 


lengths to ſound a diapente or 5th ? Sec theo. 178. 


* 


* 
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In this caſe the vibrations being as 2 to 3, or as 3 to 2 it will be, as 
222 51:6 L, whence, 10 1 18 L, or I 1,8 L, ſo as 1: 1,8 
e: L: |, that is the length mult be as 1: 1,8. 


Queſtion 130. There are two muſical ſtrings of equal length whoſe 
weights are as 5 to 6, what mult be their tenlions to ſound an octave? 


(By theorem 178.) As 1: 22: 2 9＋ ergo 24/ += 


MLA or 20 F =6f, whence, as 20: 6, or as 10: 3: : f: FP, i. e. 
the tenſion of the lighter ſtring muſt be 10, to make it vibrate twice 
while the heavier ſtring whoſe tenſion is 3, vibrates once. 

9reftion 131. There are two mulical ſtrings of equal tenſions whoſe. 
lengths are'as 3 to 1, and their vibrations are as 5 to 6, in the ſame 
time, viz, in ſeſquiditonus, what is the ratio of their diameters ? See 
theorem 178. 

As 5: 6 : 3d: D, or as 5: 18: d: D, that is, the diameter of 
the longer ſtring is to that of the ſhorter as 5 to 18, and vibrations as 
510 6, From theſe queſtions may muſical inſtruments be ſtrung to the 
belt advantage. | 


Pueſtion 132. If in a minutes time you eſpy, 
The moving wings of a ſmall fly, 
Nine thouſand times to ſhift ; 
What number then mult be the ſwings, 
In the ſame time of a bee's wings, 
To ſound a perfect fifth? 

As the fly is leſs than the bee, let her ſwings in the ſame time be 
more than thoſe of the bee's, then to make a fifth, the vibrations in 
the ſame time being as 3 to 2, we'll have as 3: 2: : 9000: 6000 anſ. 

Queſtion 133. If a flute 10 inches long be uniſon with a mulical 
ſtring, what muſt be the length of another flute of the ſame bore and 
force ot wind, to ſound an octave with the ſaid ſtring ? 

Definition, In wind inſtruments of muſic, the ſound being made by 
the vibration of a column of elaſtic air contain'd in the tube, the time 
of vibration or tone of the inſtrument, nwſt vary with the length and 
diameter of the ſaid column of air which compreſſes it, in the fame 
manner as the tones of muſical ſtrings vary with their lengths, diam- 
eters and tenſions, from whence (by queſtion 128) the length of the * 
required tube will be 5 inches. 

Queſtion 134. If the axis of a ſpeaking trumpet be 10 feet, and the 
area of the orifice at the out end 0,5 foot, how many times will it 
magnify the voice of the ſpeaker ? See queltion 137. 

If we ſuppoſe, a perſon plac'd in the center of a ſphere, whoſe ra · 


dus is equal the length of the tube 10 feet, and there ſpeak without 


a | 
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the tube, it's then plain his voice will be equally diffuſed thro? the whole 
ſurface of the ſphere, but ſpeaking thro' the tube with the ſame ſtrength 
of voice it will be only diffuſed thro? that part of the ſphere's ſurface 
which ſubtends the out end of the tube, and becauſe this part of the 
faid ſurface is but ſmall, it may be taken for the area of the ſaid end 
of the tube, and then it will be, as 0,5 the area of the ſaid orifice is to 
1256.64 the ſurface of a ſphere whole radius is 10, ſo is unity (1) 
2513,28 times anſwer, 

Dueſtion 135. If the axis of a ſpeaking trumpet (otherwiſe called 
the ilentorophon c tube) be 10 feet, the diameter at the leſſer end 1 
inch, and the diameter at the greater end 8 inches, what mult be the 
diameter at every foot in length when the trumpet is made to the belt 
advantage ? x 

Sinve the force of the voice is propagated thro? a ſeries of elaſtic 
bodies of air in the tube, it is evident from art. 258 that if theſe 
portions of air be in geometrical progreſſion, the voice will receive the 
greateſt augmentation poſſibſe. Whence, if the required diameters 
divide the axis into 10 equal parts, theſe parts being {mall may be 
taken as cylinderical bodies of air in geometrical progreſſion, , but cylin- 
ders of equal altitudes are as their baſes, and theſe cylinders being by 
ſuppoſition indefinitely ſhort, wili be nearly as their diameters, whence 
the diameters of the tube, muſt be in geometrical progreſſion, and 
therefore if they be 11 in number, the leaſt being 1 (Q.) and the 
greateſt 8 (Oe ) ſee art 258, it is required to find e the common 
ratio of the diameters n being equal 11, ſo n— 1 = 10, therefore, Q 
being equal 1, we have, e **=8, ore="* 4/8 = 1,232, ſo the lealt 
diameter viz. 1 being multiplied 1,232 gives 1,232, the diameter at 
© foot length from the leſſer end, and 1 x UN 1,232 gives 1,515 inches 
the diameter at two feet from it, and ſo on. From this it appears that 
« ſpeaking trumpet formed by the revolution of the logarithmetic curve 
about its axis, will augment the ſound, more than one of equal lengih 
of any other ſhape. 

Dueſtion 136. What mult be the weight of a bell to ſound the lower 
octave, with a ſmaller bell of the ſame kind that weighs 25 pounds? 

The ſound of a bell conſiſts of a vibratory motion of its parts much 
like that of a muſical ſtring, now by the foregoing queſtions, the length 
of a ſtring gives the lower, or graver octave to a like ſtring half chat 
length, or half the length gives the acute or ſharp ove to the whole 
length, ſo as 1 (the cube of 1) is to 8 (che cube of 2) ſo is 25 lb to 
200 lb anſwer, ö | 
It is proved by experiment that if a bell be rung in the exhauſted 

receiver of au air pump, it will give no ſound, whence it follows that 
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fund is nothing but the tremors and vibrations of the particles of à 
ſonorous body impreſſed on thoſe of the air, and as a pool of ſtagnat · 
ed water, being any how ſtruck on its ſurface, will by that ſtroke be 
put into waves, which are greateſt where the ſtroke is made, and de- 
cine gradually in a ſpherical form around the ſaid ſtroke till ar laſt 
they have no motion, ſo the air being ſtruck, the waves, or pulſes of 
it give the greateſt ſaund neareſt the ſtroke and as thele pulſes weaken 
the ſound is leſſened, dll at laſt it cannot be heard. Hence, ſounds 
are ſtrong or weak, according as we are nearer to, or farther from 
the ſounding body, and ſince (by theo. 178) the vibrations of a ſound- 
ing body are cach made in the ſame time and theſe vibrations wy 
the cauſe of ſound, it's evident that the intervals of aerial pulſes wil 
be ſo too, and that all ſounds whether loud or low, which are excited 
by the vibrations of the ſame body, are of one tone; alſo, thoſe bo- 
des which vibrate ſloweſt have the graveſt or deepelt tone, and thoſe 
bodies which vibrate quickeſt, have the ſharpeſt or ſhrilleſt tone, ſounds 
are loudeſt when the preſſure of the atmoſphere is greateſt viz. in dry 
weather for then the particles of moilture in the air are feweſt, ſo it's 
elalticy is greateit, di L{aac Newton, (by comparing the vibrations of 
thcle acrial waves, or puiles with thoſe of a pendulum, whoſe length 

6 cqual to the height of a homogenial atmoſphere every where of the 
ſane deafity with the air at the earth's ſurface, the bulk of a particle 

8 of air equal to one of water or ſalt, the air to the vapours in it as 10 

to 1 &c.) proves the motion of ſound to be uniform and at the rate of 
1142 feet per ſecond, but in every 10 miles we mult allow about half 
nile hen the wind blows ſtrongly againlt the ſound, and deduct the 
lame when it blows with it, but when it blows croſs the ſound it makes 
litle alte tation in its velocity, all which agrees with experiments of 
ring guus Kc. 

Queſtion 137. If a body A, be placed 3 feet diſtant from a lighted 
"ou and a body B, 10 feet thereirom, what proportion of light hu 
each! 

If the ſame quantiy of light be place in the centers of two different 
ſpheres its evideat the ſurface of each iphere will be illuminated by 
this equal quantity of light inverſcly as the ſai i ſurfaces, but the ſur- 
laces of ſpheres are as the ſquares of their diameters or raqhuſes there» 
ore, as 9 (ſq. 3) is to 100 ({q. 10) ſo is the l ght received by B to 
that received by A, the ſame is to be obſerved in heat, cold ſound, &c, ' 

Queſtion 138. If it be 10 ſeconds of ume berwben dropping a ſtone 
bb weight into a pit, and hearing it ſtrike the bottom, how deep is 


the pit, and with what weight doth the ſtone fall at bottom, allow ng 
ſound at the rate of 1142 feet per tecund, and the deicent of heavy bo- 
die 16 feet in the ürlt ſecond of time ? 


hu. MS. <A _A_A_E_WE xI_ 


4 


168 THE UNIVERSAL MEASURER 


t. Let d = the pit's depth, then as / 16 feet: 1 ſecond : : d: 
d = time of the ſtone's deſcent, and as 1142 feet: 1 ſecond :: d 


2; * S time of the aſcent of ſound, now by the queſtion the ſum 


1142 | | 
theſe two times is = 10 ſeconds, that is, 3 4/ d + x ww 
1142 
o d 285,5 /d=1142t, and by compleating the ſquare, d 2857 


4d +0255 =1142t+0 23595 » whence d 1142t 
2 2 


+ ſquare of has. 1 HO 2855 = 35,6 nearly, which ſquared is d 
2 2 
22 1267, 36 feet the depth ſought. | 

2. Now the body falling 16 feet =S, the firſt ſecond of time, it then hay 
16 feet velocity, which in the ſame time will carry it uniformly ort 
e 8, twice that ſpace, therofore, as /S: 2S::/d: 24/dsS, the 
uniform velocity acquired by falling thro' d ſo 6Ib x 24/ dS=6x 
2X 35,6 X 4 = 1708,8 lb, the required force with which the (tone 

kes the bottom. 

3. If d g. then / ds o, 5 and 6x 2% d Sg bb, orthe 
force of the ſtroke = body's own weight, but if d o, then this fore 
is = ©, now if the velocity be the ſame, this force or momentum is the 
ſame, let the body move in what direction it will, but if it fall dire 
downwards, it's evident it preſſes with it's own weight more than the | 
momentum, whence 1708,8 + 6 = 1714,81b (in this queſtion) is the 
force wherewith the body preſſes at the bottom of the pit the moment 
it comes there, This is called preſſure, and ought in all ſuch caſcs'o 
be conſidered from momentum, if the body move down, an incline! 
plane, it's weight thereon may be found by what goes before. 


Dueſtion 139. If a man ſtanding at the fide of a river oppoſite to 
or ſome houſes &c. on the other fide, hear his voice reflected 
back in 3 ſeconds of time (called echo) what is the river's breadth, 

When ſound ſtrikes any large obſtacle (ſee art. 259) it is refleded 

back with the ſame velocity, ſo in this caſe, the ſound moves twice 
over the river in 3 ſeconds ; therefore, half of 1142 x 3 = 1713 feet 
anſwer. 

Note. To increaſe the hearing with a tube, it ſhould be made 2 
directed in queſtion 135, the longer the better, and ſet the leſſer end 
0 the car, and the wider end gathering in more pulſes of air wil 
mightily increaſe the hearing, &c. : 

Here follow 26 queſtions concerning the maxima of bodies mov 
in fluids, how to conſtruct mill's engines &c. to the belt perfection the 
force of moving bodies &c. 
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Nueſtion 140. If the length of a ſolid be 50, and the radius of the 

-acer baſe 20. required the radius of the leſſer baſe, and form of 
the ſolid, that moving in a perfect fluid in direction of its axis with the 
leſſer baſe foremoſt, it may be the leaſt reſiſted poikble,'or leſs, than 
any other ſolid of the ſame length, baſe and ſurface. Fig 210. 

1. In art. 435, we haveayuvvy=2Zzz 2 for the equation of the 


eurve generating this ſolid, which (art. 418) is found e = — ** + 


983 
un ＋1 ——— us 8 | 
na * aa 


pnnn +nn— 2, 3025 log. n: and y = 


which made 4 minimum (u variable) we get _ X:300— — +2 J 


. 


o, which ſolved gives n = "Or ſo y 1 4 22. ere fob 
4 


7 na 
the leaſt ſemi-ordinate, alſo, if in the value of e, we write - for og 


v3 


1 


is equal, we'll have e= © — ., which taken from 
4 


the aforeſaid value of e= — X:jnann+nn=- 2,3025 log. n; 


leres er = }nnnn + nn — ++ 2,3023 log. ny 3 : by 


which values of e and y (e, by the queſtion beiog = 50 and y = 20) 
and taking e to begin at the middle of the leaſt ordinate, we get 59 


X: nf +2n+ f. 20 * Au. Tun - 1 2,3025 log. n 3 


from which n is found near 3, 5, then y 2 20 —.— | we find a = 
na 


2,5, Whence y = 22 1,2 the required radius of the leſſer baſe; 
a | 

now if the ſolid be form'd by the rotation of the ſpace E BRQ about 

the axis EQ, then RQ=20, EQ=5;0, EB = 1,2, and to find 

as many ſemi-ordinates F z = y, with their reſpective abſciſſes E F ge, 


as you pleaſe, you may take n = any numbers between 7 3 and 
: - 


3-5 ſuppoſe = 3, 2, 1, &c. and you'll have 5 = TIL 213,337 $8 


* 
5 
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eren erste hempurd with ; gte a ie 


* 


346, Ke. and = N LT —L — 2/3025 dog. n % 


4 

E 30, 5.8, 0:34» — by which 3 eaſily conſtructed. þ 
ppears that the leaſt ordinate E B cannot be r o. yet it EQ andQ g 

5 unlimited, the conſtant quantity a may be taken as great as you 

pleaſe, and then y = , | 


290 E B, will be very ſmall. 
a 
ueſtion 141. If AB (fig 208) be the breadth of a river or canal, 
ho: A the poſition of the flood · gates D Ar D B, reſiſting the water 
with the greateſt eaſc ? 

Firſt, Upon BD produc'd-let fall the perpendicular A E, now the 
Jonger either gate is, ſuppoſe the gate B D, the greater will be the 
refſure of the water againlt i it, Alſo, the longer timber of the ſame 
ameter is, the weaker it is; hence, in each of theſe cafes the refit. 
ance is inverſcly as the length of the gate, and therefore, in both caſcy 


dogether ii is as, but per ſimilar As, as QBD:QBC::1h 
BD 


BA: BE, or becauſe BC = tac. and ꝗ is conſtant, it will be 


BOBD:1;:1:QOBEC. 5 Which is as the reſiſtance of 
[1 
the gare BD; again, the force with which the gate A D refiſts the 
reſſure of the gate BD at D, is the two forces ED parallel to BD 
and ſo avails nothing, and A E perpendicular, whieh ſo, is the only 
aclive force (the ſum of thele two forces being = the one force A D/ 
hence ABENA Eg a maximum, i. e. putting e A f and a 5k, 
then : aa - ee: xöeSaae eee, fo (by art. 221) aa — zee, 
then e = t=, the ſine of 359 10 =44 DB A-and DAB 
a8 required. 
Dreſtzon 142. If the length of a conical fruſtum be 50. and the ra- 
gius of its greater baſe 20, required the radius of the leſſer baſe, that 
moving in a perfect fluid, in direction of its axis with the leſſer baſe 


foremoſt, may meet with leſs reſiſtance than any other ſuch fruſtum of 
$be/ſame axis and baſe? Fig. 216. 


Let Pn F, be a right angled triangle by 8 about F P, 
is form d io which E B A F, forms the required fruſtum, mov- 
in direction F E, pnt rn e, rB=FE =b=g0,nF=a=29, 


then In F- Or FZaa—- Ace- ee, and Un B 
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12 ee , or ſuppoſing the reſiſtance of the baſe (a a) to be a 


de do N 


1, we have . _ 252 for the reſiſtance of the ſurface de- 


ſecibed by n By to which a — <|*, that of che circle deſcribed by BE 


22bb —2a<bbpcebb pazce fo ths | 
and we Il have dee Whole re- 


ſiſtance of the fruſtum deferibed by R Bn F, which by the queſtion! 
| mult be a minimum, and therefore making e variable we'll (art. 421 


bbb b b 
ER 2abbee +2e bb =2abbb ä ede =bb, 


bb Tech 
nd by compleating the ſquare ke. e= 2 v/: 44a Ab. — 7 | 


= $ nearly, fon F es 12; anſwer, 


Queſtion 143: If the axis of a folid be 30, and its folidity 3612264 
(S) required-irs greateſt diameter, fo that moving ma perſect fluid ig 
direction of its axis with the leſſer baſe foremoſt may meet with leſs 
reſiltance than any other ſolid of the ſame length and ſolidity ? Fig, 


210. | | 
1. The equation of this ſolid (art. y35) Bauvvy = y 2222 


which being ſolved gires (art. 619) 22 S and y = 


here if a = o, then y =o, ſo in this caſe the curve will 
nar i 

weet the axis, or the leaſt ordinate = o, but when n o, e = ={ a, 
therefore, that the abſciſfa's and ordinates may begin together, or be 


= ©, at the ſame time this 5 a, mult be taken from the above value of 

e, and then er ASHE Is, where * 
2x : n0-+11* 2 2X:n0+41! 

pears that n mult be leſs than unity, otherwiſe the numerator will by 


negative, then from y = === and e = . we get 
| n ＋ 1 2K n⁰ Fi 


y , which made a ſolid (C=3,1416) ve get cuyy 3 
n unn 


4ee uc — » whoſe fluent (theo. 78) is bun 83 = 


N—N nnn 
38 X 2 L on 01 8 
4c 


8, ſo 


Sece = 125090, therefore, u — ann 2 
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* 125000 35 : = 4 nearly, whence n= T, and therefore, a = 


2eX:n0 1 — 833 4, ſo y = = 240, Which doubled is 

nn - nnn un +1 
No the required diameter, i. e. if this ſolid be formed by the rotation 
of the curve ABR, about AQ, =<=50, and Q R=y= 240, 
the content of this ſolid = s = 3612264, and by taking n = many 
fractions between © and & (a = 8331 always) you may have as many 
abſciſſas and their relpetive ſemi-ordunate as you pleaſe, and ſodraw 
ene curve. 

Dueftion 144. If a perfect fluid in direction C B, ſtriking againſt a 

plane n BP, make an LC B n therewith of 30, Required the ratio 
of the forces of this fluid to puſh the plane forward, and to turn it 
abour, Fig. 210. 

1. Draw CAL B n and ur A. CB, let e = fine Ln CB —co-fine 
140 B n, radius = 1, then x — ee g ſine L C Bn; then if CB, 
Which ſuppoſe = 1, expreſs the whole force of the fluid, Cn will ex- 
Preſs that part of it which tends to move the plane forward in direction 
CB and nt being L that direction, malt therefore expreſs the part of 
that force which tends to turn the plane about; but the whole force to 
move the plane forward being as J fine incident C Bn, viz. as 1 
(O radius) : 1 (CB) :: 1 - ee (fine CB) : 1 -e e g force 
C n, and by trigonometry, as radius (1): Cn(I ee) :: e: 
ee e force nr; whence, as force Cn to puſh the plane forward : 
force nr to turn it:: 1 - ee: e - eee: : te: : (in this queſt.) 
1: %, 55, i. e. as radius: the co · ſine of the L of incidence, anſwer, 

2. Ife - ee e m a maximum, then 1 — 3 e e o, foe =y/+ 
2, 57733 the natural ſine of 350 16“ whoſe comp. is 54 44; hence 
the water has the greateſt force againſt the rudder of a ſhip, &c. to 
turn the ſhip, when it makes an L with the keel of 54044. Allo the 
wind blowing parallel to the axis of a wind mill, gives the ſails the 
greateſt force to turn, when the plane of the ſail makes an L with the 
ſaid axis of 5444. 
Oueſtion 145. If the velocity of the wind be at the rate of 3 feet 
er ſecond, with what force will it ſtrike a plane of 10 feet area when 
It blows perpendicularly againſt i it? See queſtion 178, and art. 323. 

Wind being a ſtream of air, any thing ſtruck thereby may be look- 

ed upon as in that fluid, 'and a cylinder of air, a foot baſe, and a foot 
height (viz. a foot ſolid of air) weighing ,07268 lb, we'll have a= 
„07 268 lb, vg 3 the given velocity 8 = 16, ſo (from art. 323) R = 


| —— — . = 00113 VV = 407268 h, and taking A 
— 4 


* 
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the area of any plane in feet, and F r force in pounds weight, we have, 
this general expreſſion ,00113 vv A= ,07268 hA=F, =,10170lb, 
ig this caſe, becauſe A= 10 and v 3, or vv 9. | ; 

The velocity of the wind may be very eafily computed thus, take 
a feather or ſome light body, and letting it go in an open plane whete 
the wind is not moleſted, obſerve the time of its flight by a half ſecond 
watch or pendulum, then meaſure the diſtance it has flown, ſo you'll 
have it's velocity, by this method the Rev. Dr. Derham found that 
the velocity of a very great wind was at the rate of 66 feet per ſecond 
and that at a medium its velocity is at the rate of 17,6 or 22 feet 
per ſecond. 

Nueſtion 146. If the area of a wind-mill's ſail be 50 feet, and the 
relocity of the wind 20 feet per ſecond, with what force will it ſtrike 
a fail, when the ſails are ſet to turn to the belt advantage? ö 

By queſtion 144, the force of the fluid in direction A B, is to ity 


+ Md "a aace—Oee aaa 4 
force in direction C D, Sa a: ——orasaa: V V 
1 a 


(becauſe e = a V) which by reduction and taking a = 1, will be as 
1575, or as 1 a or as 5, 19: 2, Which is nearly as 13: 5 :: 
the whole force of the wind, to that part of its force which blows a- 
gainſt the ſails en they are poſited in the beſt manner for turning, 
therefore, per laſt queſtion, ,4 x ,00113 vv A= ,000435 vvA=F 
the required force, and becauſe v = 20, and A = 50, we'll have 
,000435 vv A= 8,71b, the force conſtantly preſs'd againſt the given 
fail, which multiply'd by 4 the number of ſails (if they ate all equal in 
area) gives 34.8 lb, the force againſt them all. 

Sueſtion 147. Things being as in the laſt queſtion, ſuppoſe the 4 ſails 
to be equal and alike, and the diſtance between the center of gravity 
of each 1ail and the center of the axle-tree to be 5 feet, required the 
relocity of the ſails, when the mill is charged with ſuch a weight as to 
perform the greateſt eſſect? 

By this queſtion, if the mill be charged with a weight of 174 Ib, it 
will be in equilib. with the force of the wind, ſo (by queſtion 150) g of 
Albis = 77 Alb with which the mill being charged it will perform 
the greateſt eſſect, and (by queſtion 150) 4 of 20 the winds velocity is 
=6 7 feet per ſecond for the fails velocity, alſo, 5 x 348 = 174 Ib, 
the force with which the axle-tree is preſs d to turn, and if d = the 
diltance between the center of gravity of any fail and that of its axles 
tree, then ,00113vy A d F, the force to turn the machine. 
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. Queſtion 148. If the four reQangular ſails of a wind - mill be each 8 
ſſeet long, 2 feet between the lower end of each ſail and center of the 

axle-tree, and velocity of the wind 30 feet per ſecond, what muſt be 
(b) the breadth of each fail, when ſet in the beſt manner for turning, 
that the axle - tree may be in equilib. with 174 lb weight? 

Becauſe the force of the preſſure acts at the center of gravity of each 
fail, we may take Ag 8 eb (2 ＋ of 8) 6 = 48 b. Then (by 
queſtion 146) ,000435v * 48 b = F=174Ib, or 18,792 b = 174, 
fo b= 174. = 9,3 the en of ll the U- there 9,3 + 

18,792 | 

= 2,4 feet, breadth of each fail, and the mill will then work beſt 
if charged with 77 4 lb weight g of 1741b. 

Queſtion 149. If the wind blow at the rate of 30 feet per ſecond, 


perpendicularly againſt a wall 200 feet long, and 20 feet high, with 


what force doth it endeavour to overſet the wall? 

The wall being a rectangle of equal thickneſs, its center of gravity 
will be in its mi dle, viz. at 10 feet height, then A = 200 X 20 X 10 
= 40500, ſo (by queition-146) ,00113vv Az 452 VV = 4068 lb, 
anſwer. 

| Dueftion' t 50. If a ſtream of water conſtantly preſſing or ſtriking the 
| pallets of a wheel or engine, mill &c. with (w) 810 weight of water, 

be juſt fit to give the machine motion with what weight (p) of water 
maſt the pallets be ſtruck when the effect of the machine is the great- 
 eft poſſible, allowing the whole weight on the machine to looſe + by 

friction when the velocities of the pallets and ſtream are equal? 

1. Let v = the velocity of the ſtream, & = the required velocity 
of thepallets, then v —e = the difference of theſe velocities, or that 
with which the pallets are ſtruck, now the force (art. 319) being a 
the ſquare of the velocity, and p and w the weights that ballances the 
force of the ſtream when its velocity is v and y e, we have as vr: 


5 — n | 
Pp vat : ä = , if there were no friction, but its ma · 


wit . mat ballance both » and the friction, now let a 
=0,1 (= of +) then a w + a p = the friftion when the velocity of 
the pallet ib v, thetefore as v: aw 4-ap:: ec: ELLE = the 
friftion when the velocity of the pallets is e, but to be more univerſal, 
let this friftion be expreſs d by EEC, deen LEE] =" 
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42 . or NN e Svea w + em p, Whence [= 


202 *. — ., which multiplied by e, gives e w = 
FT yen ven 


Ex du by t 3 the momentum, which by the queſtion | 
V yon veca | 

muſt be a maximum, ſo making e variable (prob. 201) and taking the 

fluxion = 0, Veil get-v vv - Avve + gvee —2veecn+:2cecct 
—2Mvve - MBVEC=0, but if we divide this equation by v . 


it will be abtidged to v v 3e .- 2nce reo 


— - % — 


112882 


how taking m and n each , 1, we'll find e =0,3 v nearly, whenoe 


v Lx er. = L, whencep = 
V V+en 103 


| 39 
2139, 2, or the velocity of the pallets to that of the ſtreame to v, as 3 


to 10, allo, e w = $2402 = = de momentum. 
3 1030 


2. If we ſuppoſe the friction to ariſe only from the motion of the 
weight w, then m S o, and ſo vv—3ev—2nce=o (from the laſt 


general equation) whence. e = ry er = (ifa o, 1) 41 


10% 


9 +6 6,13 
— — 2 — — 2 
o, 32 v, ſo WZ 8 — 2. 207% « — 04489 — 4489 \ 
Ten / 1,03v 1,03 1 
103 1 
DOI =P = 1858, 5 or the velocity of the ſtream to that ofthe 


2 
pillets v io e, as 100 to 32, dio e NN ee 
ven 103 


143.648 py 
— — — — 
1030 


3. If che machine have friction ariſing from the weight of its parts, 
may de conſidered in the weight w, thus, ſuppoſe it were known 
hat 10 weight, applied to the pallets (the engine having no charge) 
ould give them a velocity v, then w being put 820 inſtead of 810, 
the power p will be found ſo much greater as to anſwer this weight. 


4. If there were vo friction at all, then m and n, are eachæo, and 
general equation becomes yy 3 ve i © ſo e A Whenee 


= the momentum, 
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K x | 
v NA. 2 p⸗ lop=$2w= 1822, 5, as, 


ed height, then + Va—2by b & v, and? X4ay/a—+byb: 


of corn grinded by the greater wheel to that by the leſſer wheel in le 


vv 
the momentum. 

Queſtion 151. A rectangular ſluice conſtantly 25 inches (a) deep of 
water, by drawing up this ſluice- gate 9 inches, the water ſtiiking the 
pallets of a mill's wheel &e. is jult fit to put the machine in motion, 
how far muſt it be drawn up, when the engine performs the greateſt 
effect poſſible, allowing no friction? 

1. If an engine be in equilib. with a weight w, ard that weight be 
made 2 w, the engine (queſtion 150) will perform the greateſt effed, 
and if the orifice be rectangular, (art. 331) the weight of water di. 
charged will be as the area of a parabola, of the ſame baſe and height 
with the water in the ſluice, fo let b = 25 — 9 = 16, e =a—require 


Cv, =4a4y/a—+ecye, that is, a Ja- by ba 
ee, whence gay a- Aby bg - ee, ſuppoſe g 2, then 
eee 2, foe = 25 12,116, and 25 — 12,884 inches anſyer, 
See queſtion 1 55. | 

"Queſtion 152. A water mill is to be built where there is a fall of 


water of 24 feet, whether will a wheel of 18 feet radius with 6 feet thi 
fall, or one of 16 feet radius with 8 feet fall, grind moſt cum vith 
leaſt water. wh 


The velocities of falling bodies being as the ſquare roots of the anc 
heights fallen thro' we'll have (per queſticn 150) 18 x 6 = giv 
mentum of the greater wheel, and 16x / 8 = that of the lefſer wheel 
therefore, as 184/6:164/8, or as / 243 : 256 : : the quan- 


ſame time, and with the ſame quamity of water, ſo the leſſer wietl 


will perform better, dc 
Queſtion 153. If a current of water have 8 feet perpendicular del. * 
whe 


cent, what muſt be the diameter of a wheel to receive the greatel 
force poſſible from the ſaid current ſtriking A the middle of the whee, 
| Leta=8 feet BE (fig. 212) the height of the fall, ande=GE 
z=AD the radius of the wheel, then per laſt queſtion '4/ a -e 
the velocity of the water at G, and (by queſtion 150) G A (e 
ia -e: =ey:a—e: is as the force at G, which by the queſtion mu 
be a maximum, viz. e Va- e: =m, or which is the ſame, ace — eee 
d= m, ſo (by art. 221) e 4a = 5 + feet, the radius ſought. Ti 
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fiream ſhould always ſtrike the wheel directly, for if it ſtrike it ob- 
kquely it preſſes the wheel againſt the other fide, and ſo increaſes the 
friction, beſides, the advantage is leſs, for if q m be the direction of 
the fluid, it ſtrikes the wheel at G, with a velocity /: BG: draw Am 
1qm, then Am x VBG = the momentum in this oblique ſtroke, 
but if B G, be the direction of the fluid, then AG x VBG the 


momentum, &c, 
Queſtion 154. If the ſtream (laſt queſtion) have the ſame fall B E, 


but run in direction q m making an angle B q G with the horizon of 309 
what then muſt. be A m the diameter of the moſt adyantageous wheel? 

Having found A Gg ag 5 by the laſt queſtion, then by trigo- 
nometry, as radius I: GA 5 A: :s LAG m 30: Am; feet, anſ- 
wer, If it be required to find what angle B q G, the ſtream muſt make 
with the horizon, ſo as to ſtrike the wheel with the greateſt force 
pollible, let s = its fine, then /: 1-88: = its co-fine, and by trig» 
onometry, Is a =Am, Za y/:1—$s:=Gm, and3say/:1—5$ 8; 
=Gn; then, Gn+GB=Bn=Sa+345sa+:1—5$8;, and by 


—— = 


the laſt queſtion, / Bn:X4$8a=58a 942 +2$824/1—5S8 


= 2 maximum by the queſtion, or, 28s a | x rasa :1—$8: 
j. e. 34242a X:5S8 +28884/:1—SS: = m a maximum; fo (by 


theo, 149) 28 +$6884/:1—$$S:— — = ©, (s being variable) 
ss 

which by reduction is /: 1-8 s: 24863 — 38, and by.involution 
and tranſpoſition 1 = 1685 — 24 8* + 108 s, which equation ſolved 
gives s , 7214 the fine of 46*30' Thus, if the water run down a 
trunk, &c, making an angle with the horizon of 46030 and the radi- 
us of the wheel be found to anſwer this angle, &c. and the water ſtrike 
its pallets perpendicularly, then the adyantage is greateſt, 

Queſtion 155. If a rectangular flood-gate before a mill, engine, 
&, be 2 feet broad, and 6 feet deep of water, and it beingdrawn up 
half a foot, the water running againſt the pallets be fit to give the 
wheel motion, with what force doth it ſtrike the pallets, and how much 
farther muſt it be drawn, that the machine may perform the greateſt 
effect poſſible, ſuppaſing the ſtream to ſtrike the pallets perpendicular- 
ly, at the bottom of the orifice, the friction being nothing. 

I. Here 2X 0,5 = 1 foot =a, the area of the orifice, and h $478 
feet the depth of water above the middle of the orifice, ſo ha = 5,75 
ſolid feet of water, but a cubic foot of water is = 6,25 Ib, and 1121h 


Ys Z 
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= 1 Cxcight, fo 92:52 = 3,208 C. or more accurately, (delta 
112 
x51) thus, as 6 is to 4 (ſquare of 2) ſo is 5,5 (6 — 0,5) to 3,664, 
whoſe ſquare root is 1,914, then of 6X2—7 Of 5,5 x 1,914 + 
©.982 feet Sa, and h feet, the depth of the ſluice, ſoh a 5. 8g, 
ſolid feet of water, which by the queſtion ballances the engine, there, 
fore (queſtion 150) $ of 5,982 = 13,257 feet of water, with which 
the pallets being preſs d, the engine will perform the greateſt effec, 
ſo 13,257 +6 (h) = 2,209, the area of the lower part of a parabol, 
whoſe height (a) is required, the axis of the whole parabola being —6, 
and greateſt ordinate = 2, ſo as 6:4::6—a: 4 —5 a, Whole fg 


root is : 4— Ja: then of 6% 2 A of 6—a XK N 124 — 3218 
2, 200, that is, 12 — 6 /: 4—42: Ta 4—J2:=3,3135,0 
b AK /: 4-1 a: 8, 4865, which by involution and multipl 
cation is 144 72 a + lz aa — J aaa g ſq. 8, 4865 = 72 almol, 
which reduced gives aaa — 18 aa + 108 a = 108, this cubic equz q 
pion, ſolved gives a = 1,25 feet nearly, anſwer, 

But becauſe this method is tedious in practice, the firſt method mai 
ſerve for a gueſs, thus g of 1, the firlt mentioned area is 2,25, which 8 
divided by 2, the breadth of theflaice, gives 1, 125 feet (leſs then 1,2; 9 
by o, 125, the true height) for the height, the ſluice- gate is to be dravi 
up from the bottom, when the engine works to the beſt advantage. E 

Note. the pallets or paddles of a wheel, ſhould be juſt ſo many, and , 

ſo ſet as that the water may ſtrike them, perpendicularly one af Wi x 
! 


another; and if the water is little, it is better to have boxes that 
paddles, becauſe the preſſutę is increaſed by the weight of the wats 
in the boxes &c. 

Queſtion 156. If the breadth of a ſtream of water be 20 feet, depth : 
4 feet and velocity 5 feet per ſecond, with what force doth it preb1 
plane ſet perpendicularly to it? See art. 321. h g 
Here vgs, and a g 29 x 4 =80, the area of the plane, but be. N 
eauſe the plane is preſs d to be over · ſet, or driven directly forward, 
by the force acting againſt its center of gravity, we muſt take a r 20 


4X2 (half of 4) = 160, then s being = 16, we'll have ha == = 


x 169 = 195 ſolid fert of water = 7812,5 Ib (62,5 x 12) 


gufwer. 
The velocity of any ſtream may be found by dropping in ſome light | 
matter that will ſwim, and meaſuring the diſtance it moyes in one l- 
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bond, by this means you'll find that the velocity of a ſtream is much 

eater near the middle, than at the fides, owing to the friction &c. 
qoainſt the ſides and bottom, where the water is ſhallow, now if you 
take half the ſam of theſe two velocities, it may ſerve for the mean 
telocity of the water. 15 

9ueftion 157. If the depth of a ſluice be 10 feet, and there be a hols 
In it's bottom 2 feet area, what quantity of water will run out in 1 
minute, or 60 ſeconds, and with what velocity, the ſtuice being 
conſtantly kept full? See theo. 196. 

Here t = 60, a=2, h 10, then 6,128tay/ zhs =6,128 6 
120% : 320: 1308), 4 ale gallons, that will ran out in a minute, 
and with a uniform velocity vg V 28h Y 320= 17,8 feet per 
ſecond. 

Oueſtion 158. If there be a reRangular ſlit 2 inches wide and 6 
inches deep, at the top of a ſſuice kept always fall of water, what 
quantity of water will be diſcharged thro' this orifice in a minute's 
time? See art, 330. a 

Here h =0,5 feet a= 2 inches x 6 inches = 1 foot, t = 60 ſe- 
conds, and s always = 16, ſo +of 6,i28ta4/ 2hs = 245,124 16 
= 980, 48 ale gallons anſwer, | 
| Queſtion 159. Two equal conical fruſtums depth e = 3o, diam 
eters of the greater and leſſer baſes 20 and 10, each filled with water 
&c, each ſtanding upright, the one upon the greater and the other up- 
on the leſſer baſes, required the ratio of the time in which each will 
be emptied by an equal orifice in the bottom of each veſſel? See art. 
426. Here C = 60 and c = 30. 

1. As 10 (20— 10): 30 :: 20: 60 the axis of the whole cones 
and ſo is 10 to 30, the axis ot the cone cut of, Then as 2cc + 4 
te ee is to 2 CC - 4 Ce zee: : 3360: 5160 :: 28: 43:: 
velocity at the leſſer baſe : velocity at the greater baſe, and in this 
caſe time being inverſely as velocity, it will be, as 43 : 28 :: time of 
funning out at the leſſer baſe : time of running at the greater baſe. 

Queſtion 160. If a column of water a B ( ig. 213 ) 20 feet high, 
be kept. conſtantly full of water, what angle mult a ſpout a, at it's bot- 
tom make with the horizon a D, to throw the water to D, five fees 
diſtance trom the ſaid ſpout a? See art. 366 and 333. 

If a hole at a, be ſmall in reſpect of the cytinder's &c. baſe, then 
the height fallen thro? to acquire the velocity of the ſpouting water at 
a, mult be = 10, half of the columns height, then this height doub. 
led gives 20 the amphitude of the ſpouting water under an angle of 45*® 
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and for this angle to any other amphitude it will be, as this greatel 
amphitude 20 is to the radius 1, ſo is any other amphitude, 5 to o. 2; 
. Whoſe {ine belonging, is 140 45“, half of which is 70 22“ for the re 
quired angle, and then the path of the water is the parabolic curve 
a e D, and taken from 900 leaves 820 38', for the direction of thy 
ſpout, and then the path is auD. And thus, any ſuch caſes may be 
ſolv'd as in the queſtions of gunne ry. 

Note. If the area of the ſpout be equal to that of the column's baſe, 
then (by art. 333) the greateſt amphitude is double to what is here 


taken. 
Queſtion 161. If each ſide of a cube full of water be 2 feet, wha 
preſſure doth the whole cube ſuſtain? See art. 334. 


A cubic foot of water being 62 4 lb, and each fide of the cube 2 
feet it will be 2 x 2 2 & 62,5 = 500 lb the preſſure ag. inſt thy 
bottom, half whereof is 250 lb the preſſure againſt each fide, 
and becauſe there are 4 ſides, therefore, 250 x 4 = 1000 lb the 
preſſure againſt all the ſides, ſo 500 + 1000 = 1500 lb, the whole 
preſſure ſuſtain'd by the cube, i. e. it is preſs d with three times the 
weight of the water that fills it, 

Qnueſtion 162. If the breadth of a ſluice be 20 feet, and its depth 
4 feet, with what force is the bank or wall preſs'd that holds it in. 

+ Becauſe the depth is 4, the center of gravity will be 2 from the bot 
tom ſo 20X 4 Xx 2 X62,5 = 100001b anſwer, 

This compared with queſtion 156 may ſeem ſtrange, that the force 
of ſtanding water ſhould be greater than that of running water, the 
reaſon is; If the ſtream were at reſt 'then the plane in it would 
have no preſſure for then it is equally ſupported on either fide by the 
ſtagnant water, but in this queſtion there is no water on one ſide of 
the plane and fo the other {ide is preſs'd by the water againſt it, &c. 


Queſtion 163. If a heavy body falling from a height of 15 feet into 
clay, ſnow, ſoft earth &c. do make an hole 5 inches deep, how deep 
would the hole be if it fell from a height of 20 feet. 

If a body fell upon ſoft or yielding matter, its evident it mult take 
up ſome time in making the dent, or cavity, and therefore, in that 
time may be ſaid to move in a reſiſting matter or medium, but by art- 
317) the reſiſtance is as the ſquare of the velocity, and (by theo. 166) 
the diſtances fallen thro” are as the ſquares of the velocities, therefore, 
it will be as 15 :5::-20 : 6+ inches deep anſwer. But if the body 
fall upon a hard unyeilding ſubſtance, its then plain there will be no 
time ſpent in deſtroying the generated velocity by the fall, and fo by 
(theo. 155) the effect will be as the velocity, and thus the effect of a 


AND MECHANIC. 181 


ſtroke may be as the ſquare of the velocity, or 2s the velocity, or any 
way between two, according as the matter {truck, yields, or not yields 
tothe ſtroke, &c. . 

Bueſtion 164. In what time (T) will a conical fruſtum ſtanding up- 
right on its leſſer baſe, be emptied thro' a hole in it's bottom of one 
inch diameter, the depth of the fruſtum being e = 30 inches and dia- 
meters 20 and 10 inches? 

1. As 10 (20 - 10): 30: : 10: 30 =c, the axis of the cone cut 
off, now becauſe the diameters and orifice are circles, we may leave 
out 0,785 4, the circular factor, and take A — ſquare 20 = 400, and 
a = ſquare 1 = 1 (theo. 197) then becauſe the veſſel is ſuppoſed to 
be full of liquor and none to run in while it empties, n will be = 3, 
Aes 2 


= 16 feet = 192 inches, we'll f T F 
alſo s 16 feet = 192 inches, we'll from 2 Ta 2 


= q for the quantity run out in T ſeeonds, of a cylinder, height S e 


and area baſe = A = upper baſe of the fruſtum, get T = * 2 


ns 4. = 144 ſeconds (q being 30 Xx ſq. 20) thatis, an up- 
right cylinder full of water depth = 3o, and diameter 20 inches 
will be emptied by a hole in its bottom of one inch diameter in 144 
ſeconds of time, then (art. 426) as 2% e: pPVe Xx: 2cc+Fce 
T: Zee, fois 144: 168,6 ſeconds the anſwer. + 
Note, here / p, the perameter of the cone is = — 222 
axis 00 


5 ſo p Z. 
55 5 

2. If the fruſtum ſtand on the greater baſe, with the ſame oriſice 
there, then (queſtion 159) as 43 : 28: : 186,6: 121,5 ſeconds, the 
une of evacuation. 
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Here follow 26 queſtions concerning the ſpecific gravities of bodies, 
the properties of the air, the conſtruction of weather glaſſes, 


pumps, &c. 
A TABLE of ſpecific gravities of Bodies. 


Fine gold — — 19,640 f coal — — 1,0 
ſtandard gold — 18,888 ' brazil wood — 1,031 
tad ——  -—— 11,340 box wood — — 1,030 


fine filver —— 11,092 |, bee's wax _ 955 
ſtandard ſilrer—— 10,36 oak — — 92⁰ 
copper — — — 9, ooo logwood — — 513 
copper half-pence — 8,915 | ice _ — 908 
fine braſs 8,350 0 beech — — 8854 
caſt brals —— — $8,100 aſh — — 5820 
ſteel —_ . 7,850 || yew Te? 1 
V „ 
pewter _— — 7.471 || crab-tree — — Foo 
tin — — 7, 320 || cedar — — — „613 
caſt iron —  — 7,000 fir — — — 580 
lead oar — 6,200 || cork — — #28 
1 27215 wo] FLUID s. 
nt — — 2,570 f qauickſilver — _ 14000 
common — 2,500 || urine — — 1,03 
brick — — 2,000 |} milk _ — 10031 


chalk — — 1,793 Ie — 1,028 
chy —— — 1,712 common Water — 15 0⁰⁰ 
ſand — — 1,520 || common air — — 5001, 


Theſe are mean ſpecific gravities of theſe ſolids and fluids, in reſpe? 
of their. goodneſs, ſineneſs, dryneſs, texture, &c. alſo heat and cold 
will make ſome difference; this table not only ſhews the ratio's ofthe 
ſpecific gravities, but alſo the weight of a cubic foot of each in aver- 
dupoiſe ounces, for a cubic foot of common water is found to weigh 
very nicely r000averd. ounces, ſoa cubic foot of lead, will be 11340 
oz. one of copper 9000 oz. one of mercury or quickſilver 14000 02. 
one of air 1,2 0. &c. for any other, and may, if needful, be reduced 
(by ex. 262, ſec. 8) to troy weight. * 

Theſe ſpecific gravities are found (by art. 341, 342, &c.) thus let 
the ſpecific gravity of water be = 1000 — c, then if the body be 
heavier than water firſt weigh it in air, and ſuppoſe its weight there 
== 9000 oz. A, then having a cord faſtened to it let it go into 
water and obſerve nicely what weight will hold it in equilib. when #9 
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corered with water ſuppoſe 8000 z. =B, then ien, 
the ſpecific gravity of the body fought which 9000 looked for in the 
table is found to be copper, and fo as 1000 : 9000: : 1: 9: x the 
ſpecific gravity of water to that of copper; alfo, if the ſpecific gra- 


rity of the body be 9 you'll have c — — = 1 for that of the 


guid, but if the body is lighter then water, then tie a piece of metal to 
it to make ĩt fink in water, and then taking e == the weight of the 
compound in water, and a, A, B, c, as before, we have 17 * 
Sthe ſpecific gravity of the light body. Thus, if I take a piece of 
metal whoſe weight in water i# 31 oz. and tie it to a bag of beans and 
the weight of the whole in air be 101 0Z, and in water 7 oz, chen, 


. e db on. that is the 
A+e—t 101 +31 —7 125 

ſpecific gravity of water is to that of beans as 1 to 0,808, hence a 
cubic foot of beans weight 808, oz. or 50+ lb averdupoiſe, and thus 
may you find the ſpecific gravity of any thing what ever, but for frag- 
ments, duſt, powders, &c, it will be beſt ro weigh them in cloſe boxes, 
or metal buckets, obſerving to ballance the weights of fach boxes &c. 
both in air and water. 

ele 166. If a crown &c. made of gold and filver together, 
weight 128, ſpecific gravitiy 16, how much of each of theſe metals is 
in the maſs ? See art. 344. 


From d — — abc — we'll have x = SSL 


bz AZ Tac :b—a:xd 


:19—16:X11%x 128 4224 ä 
IIK ar == 33 the weight of gold in the 


the mixture, fo 128 — 33 = 95s the weight of ſilver therein. | 
Note, I have here taken the ſpecific gravity of gold to that of flver 
28 19 to 11, becauſe that of the crown is 16 to ſuch parts. 
Queſtion 167. If the ſpecific gravity of a man's body, water and 
cork be as 10, 9, 2,25, how much cork will make him ſwim ? | 


If he be made with cork tied to him of the ſame ſpecific gravity 
vich water, (9 — d) its plain if a little more cork were added he 


could not ſink, ſo from (art. d= 22. wel hae 
0 344) | th; x: Z re 
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(ſuppoſing the man's weight 1 50lb — 7 2dx:b ny BY = 
: A X b 2 d 2 


—150X90YX"7 75 


ISO X9X t—: 10+ 2 x: * i a6 


"EE 21 RR 10 X 0,75 
weight of the man and cork together, ſo 155 — 150 = 51b of cork, 
the anſwer. 

Dueftion 168. If a ſolid inch of ſome matter weigh 8 ounces, avoird. 
what js its ſpecific gravity, weight of water being 0,578 oz. per inch? 


By art. 346, it will be as the ſolidity in inches 1 : the weight in ouns 


Ll 
ces: : I to weight, or 8 213, 8408 (0,578 being the oun · 
- I X 0,578 
ces weight of a ſolid inch of water) i. & as 1: 13,0408 : ; the ſpecific 
gravity of water: that of the matter, 
Dueſtion 169. If in water, a cube of fir, fink 3 inches downright, 
and if each {ide be 12 wide, what ounces is its weight. 


Since a ſolid inch of any fluid bears a ſolid inch of any matter ofthe 
ſame ſpecific gravity, it will be, as 1 folid inch of water is to o, 578697 
ounces its weight, ſo is (12 X 12 X 3) 432 ſolid inches the wet part 
of the cube to 249,997 104 oz. its weight anſwer, 

By this method it will be eaſy to find the burden and weight of any 
- ſhip &c. for, if you find the ſolidity of the wet part of a ſhip when (li 

ſwims empty (in inches) and multiply it by the weight of a cubic inch 

of ſuch water as ſhe ſwims in, the product is the ſhip's weight in oun- 

ces. And if in like manner, you find her weight when loaden, its 

plain the difference of theſe two weights will ſhew the weight of her 

burden, which may be reduc'd into tuns; thus, a cubic foot of ſea- 

water weighing 10300z, or 64,375 lb. and 2240 lb being = 1 tun, ſo 

as 64, 375 lb: 1 foot : : 2240lb: 34,78 feet, the weight of a tun of 
ſea-water, ſo if you find the ſolidity of the ſpace in the inſide of the 

ſhip in feet, between the light, and laden marks, and divide that ſo- 

lidity by 34,78, you'll have-the true weight of the burden in tuns, 

which is a much truer method than the common one in queſt. 10. 


Dueſtion 170. What muſt be the thickneſs of metal in a hollow 
Cube, made of 4 ſolid inches of copper, that it may ſwim in one inch 
deep of water ? 

Let s = 4 the ſolidity of metal, a = a fide of the required cube, 
and e = 1 the inches, D r the ſpecific gravity or denſity of copper» 
and d = that of water, which are as 9 to 1, now aa e = the bulk 0 


the wet part of the cube, and s bulk of the metal, ſo (by art 338 ) 
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# 


daae z Ds whencea = 4/ = = 6 inches, therefore 6G 6 = 
4 i 


216 inches the ſolidity of the required cube, from which taking 4 the 
quantity of metal leaves 212, the ſolidity of the cavity whoſe cube root 
is 5,963 inches, the length ofthe inſide of the hollow cube, ſo 65, 963 
= 0,037, half of which is ,0185 inches, the required thickneſs ofthe 
hollow cube. 

Queſtion 171. If the axis of a copper ſphere be 10 inches, what 
' muſt be the thickneſs of the ſhell, that it may ſwim in the air? 


To give a general ſolution to queſtions of this nature, Let D=10 
inches the axis of the ſphere, d = the axis of the cavity or ſhell, e = 
the inches of depth that the ſphere is ts be immerſed in the fluid, p = 
0,7854, and m to n as the denſity of the fluid to the denſity of the 
metal, then p D DD = the ſphere's ſolidity, and 4pddd = the 
cavity's ſolidity, their difference is 4p x : DDD d dd the content 
of metal; alſo, pDee — + pee e = the ſolidity of a ſegment of the 
fluid in which the ſphere is to ſwim, or be in equilib. with, ſo (by art, 
338) 4mpx:DDD—ddd:=wpx: Dee — ge ee: fo, 


ddd=DDD—:3Dece +eee: —, but in this queſtion the 


ſphere is to be wholly immerſed in the fluid, ſo e = D, and then, this 
laſt general theorem becomes d d d =D DD — = DDD=Z DDD 
| m 


— — 


* 1— * ſo d =D * 1— — now by the fore going table the 


denſity of copper is to that of air as 90000 (n) to 12 (m), or lower, 


— —— 
. — ä ———v—ðß . — 


3 3 
a8 7500to 1, whence d 4/1— —-xD= „ = 
75 Mole muy v 1 —_— > 


— — — 


3 

* 1499 X 10 = 0,99978, whence — 
N 7500 2 
inch, the thickneſs of metal required, but 
Note. There mult be no air in this ſphere, for if it be filled with air, 
it will ballance the ſame bulk of air without, and ſo cannot be in 
equilib. therewith: 

Queſtion 172. If two ſolid feet of ſome light matter as wool, fea» 


thers &c, weigh 4 lb, how much will it weigh when preſs'd into half 
2 foot bulk? 


9 A a 


= ,00011 parts of an 
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(By art. 316,) the weights loft by theſe two bulk are, as 4 to 2, 0f 
as 1 to 4, now a ſolid foot of air, being —1,2 oz. its plain the mit, 
ter will loſe 1 + times more in 2 feet bulk than in 3 a foot bulk, ſo 13 

I,2= 1,8 0z. henge 41b 1,8 oz. is the anſwer ; hence, the cloſer 
lebt ſubſtances are tied together, the more they will weigh. 

Queſtion 173. The denſity of gold being to that of braſs as about 
2 to 1, if 2 lb of gold be in equilib, with -21b of braſs when the air 
is in a mean gravity, or the mercury in the barometer ſtands at the 
height of 28 inches, what will they differ in weight when the mercury 
lands at 31 inches? 

I. A cubic inch of gold weighs 10,36 ounces troy and a cubic inch 
of air 4 of a grain, when the air is in a mean tate, fo as 10,360z,: 3 


grains :: 12 0Z. : 24 _ prains, which 12 02 or 1 Ib of gold will 


——V—ſ— — 


| 72,52 
loſe when the air is in a mean ſtate, (2) as 28: :: 30: 2 == 


the weght of the air (1 inch) when the mercury ſtands at 30 inches 


height, then as 10,36 : :: 12: HE grain more lol 
507,64 126,91 
by a pound of gold in that ſtate of the air, now = = 37 and 1 
| 1255 126,91 
=+3546 and ,37 — ,3546 = ,0154 grains, which doubled is ,0308 
r. more loſs in 2 lb when the air is heavieſt, now if the bulks of braſs 
and go'd were =, their loſſes would be = and fo the equilibrium flill 
kept, but the bulk of braſs being double to that of gold it mult loſe 
double ,03c8 = ,0616 gr. and therefore ,0616 — ,0308 — ,0308 gt. 
that mult be put to the braſs to keep the equilib. the anſwer. 
Queſtion 174. If the ſolidity of the cavity of a pair of ſmith's bel- 
lows filled with air be 495 inches, and the bellows be preſſed together 
in a ſecond of time, required the velocity of the air thro' the noſe of 
©,6 inches area? | | 
Here 495 ſolid inches, the quantity of air voided in a ſecond, being 
divided by 0,6 inches the area of the orifice thro' which it paſſes gives 
825 inches = 68,75 feet for the length of a column of air that would 
be generated in one ſecond of time, and is therefore the required ve- 
loeity of the air per ſecond thro' the noſe of the bellows pipe. 
weſtion 175. It the capacity of the receiver of an air pump be to 
Fhat of the barrel as 8 to 1, and the denſity of the air in the receiver 
= 1, what will be the denſity of the air there after 3 ſtrokes, or turm 
pi the pilton ? : 


thred=1,0= l, m8 and s S 3, ſo (by theo. 198) 2s, or | 


as 729: :: the denſity before the firſt ſtroke to that after the third 
ſtroke, or becauſe the rarity is inverſely as the denfity it will be as 1 2 
729 : : the rarity before the firſt ſtroke to that after the third ſtroke. 


Queſtion 176. The denſity being = 1 as in the laſt queſtion, and 
the capacities of the barrel and receiver equal, ſuppoſe each = 1, 
how many turns mult be made to ratify the air in the. receiver 106 
times ? | 
From theo. 198, we have 275 = 100, ſo by the logatithms 3 6 
log. 2 = log. 100, whence s = —— 6,6 the turns requirel. 

og. 2 | 

Pueftion 177. If any quantity of air is reduc'd into a fourth part of 
it's firſt bulk, what more force is required to keep it there? See art, 
351. 

If the ſame body of air is confin'd in ⁊ of the ſpace, it muſt require 
4 times more force, for it there acts with 4 times more force. 


Note. Gunpowder fired is nothing but an elaſtic fluid, and from 
hence it appears that the greater quantity of this fluid is comained in 
the ſame ſpace, the more violent will the exploſion be. 

Queſtion 178, It is proved by experiments that mercary in the ba- 
rometer ſettles 45 of an inch, when the barometer is removed 85 feet 
directly upwards, now if the mercury at that time on the earth's ſur- 
face, ſtand in the barometer at the height of 30 inches, and the den- 
lity of the air be every where the ſame, what mult be the height of 
this body of air called the atmoſphere ? 

If a tube be filled with mercury and hung perpendicular to the horĩ- 
zon, the upper end being cloſe {topped and the lower end open, the 
mercury in that tube will and at the height of 30 inches, the cauſe 
of which can be nothing but the preſſure of the air acting on the bot- 
tom of the tube, for if ever ſo little air get in at top, the fluid falls to 
the ground, whence a column of mercury 30 inches height is in equi» 
librium with a column of air, of the ſame baſe, or, one of mercury 28 
of an inch height in equilib. with one of air of the ſame baſe and 85 
feet height, ſo-it muſt be, as o, 1 inch: 85 feet: 30 mehes; 25500 
feet = 5 miles nearly for the anſwer. 


2 Hence 25500 x 12 = 306000 inches, the height of a column of 

ar in <quilib, with one of mercury of the ſame baſe and 30 inches in- 
ches height, therefore, as 30: 306000 2: 11 10200 : the denfity 
of air to that of mercury, | 


- 
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* 2. The particles of air near the earth's ſurface mult bear the preſſute 
of thoſe above them, whence, the air cannot be every where of the 
ſame denſity, but muſt be lighter the higher we go, and ſo its height 
will be indefinite, but if we fix the boundary of the atmoſphere, at 
that height where it has power to reflect a ray of light, which is the ut- 
moſt limit of twilight, then this height by trigonometry will be found 
= 44 2 miles. | 

4. If the baſe of the aforeſaid column of mercury be one foot, then 
1 foot x 30 inches (= 2,5 feet) it's height gives 2,5 feet ſolidity whoſe 
weight is = about 2187, 5 Ib, which muſt alſo be the weight of a co- 
lumn of air of the {ame baſe, whence it appears that every foot are: 
on any ſurface, as man's body &c. is preſſed with 2187, Ib weight, 
which vaſt preſſure he could not ſuſtain were it not that the air acted 
Equally in all directions and ſuffers him to feel this weight no where, 

5. But this preſſure acting on the ſurface of any fluid, cauſes it to 
riſe into any pipe or tube where the air is by any means taken out df 
{ſuch a tube, and becauſe mercury is the heavieſt of all fluids, it riſes 
to the leaſt height of any, hence we ſee the reaſon of ſucking, and thit 
it is but taking away the air out of the pipe &c. and the fluid follows, 
to the height of 30 inches if it be mercury, but if water, to the height 
of 35 feet, (the denſity of mercury being to that of water as 14 to 1) 
and no higher, 1 a 


6. The mercury is by obſervations ſeen at all heights between 25 
and 31 inches, which ſhews the ſtate of the air to be variable this; 
inches difference is called the ſcale of variation, being that graduated 
part at the top of the barometer between the greateſt and leaſt heights 
of the mercury; there has been ſeveral inventions to enlarge this 
ſcale, ſome by bending the top of the barometer, becauſe fluids riſing 
to the ſame height muſt run further in an oblique direction than in 
Lone, others have had the tube conical becauſe as the baſe decreaſe 
the length muſt increaſe to contain the ſame ſpace, but on the account 
of friction &c. the upright barometer is ſtill the beſt : you may make 
a weather glaſs with any fluid ; thus, take a tube, or long vial bottle, 
and let it be ſomewhat more than half fill'd with the fluid, then ſtop 
the mouth of it wirh your finger &c. and turn it down into a veſſel of 
the ſame fluid, then take away your finger &c. and ſet the veſſel and 
tube in it, againſt a wall or in a frame for that purpoſe (out of the ſun- 
ſhine for heat as well as preſſure affects fluids) then as the preſſure of 
the air increaſes or decreaſes, upon the ſurface of the fluid in the veſſcl 
it will cauſe that in the tube to riſe or ſettle, for the preſſure of at 


above the fluid in the tube cannot change becauſe the top of the tube 
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is cloſe ſtopped, it is beſt to make theſe kind of barometers when the 
air is in a mean ſtate viz. when the mercury in the common barome- 
ter ſtands at the height 29, 5 inches, this being the mean between the 
two extreams 28 and 31. 


7. Any fluid may be exhauſted by heat, ſo if a tube is heated by 
the fire till the air is gone out of it, and then its open end (the top 
end hermetically ſealed up) be immerſed into a veſſel of mercury, the 
mercury will riſe in the tube to the common height, and if the tube 
be not above 28 &c. inches long the fluid will run over at top; if it be 
open there. See art 349. 


Queſtion 179. If mercury in the barometer ſtand at the height of 
20 inches, how high would it riſe in the ſame tube if there were 20 
inches height of water in it. See art. 351. | 


Its plain that the water and mercury together mult be in equilib. 
with a column of mercury (b) 30 inches height, therefore the denſity 
of mercury to that of water being as (m to n) 14 to 1, it will be e = 
mb—na | 

m 


in the tube ſo 20 + 28 4 48 f inches, the height of the mercury 
and water together anſwer. 


9ueſtion 180. When mercury in the common barometer ſtands at 
the height of 30 inches, what muſt be the ratio of the diameters of a 
compound barometer of mercury and water that each of theſe fluids 
may have 20 inches height in the compound tube. See art. 351, and 
the laſt queſtion ? 


dd —ib—e:xm — 0 —=20:X14 _ 142 7, fod= 
na 29 20 


y 7, that is, as 1: 4/7 : : the diameter of the mercury to that of 


the water, 


Queſtion 181. If a tube 35 (h) inches long 30 (b) inches ofit filled 
with mercury, and then the orifice ſtopp'd with the finger and turn'd 
down into a veſſel of the ſame fluid, the finger then taken away, it is 
plain there will be 5 (c) inches of air in the tube, quere (e) the height 
of the mercury inthis tube, that in the common one at this time being 
(d) 30 inches? See art. 352. 

—— 
Here e =+y/ : bc+ — 2 
2 2 
but = 20 if — be taken before the ſurd ſign, but 45 is more than 35 
the whole length of the tube, fo 20 inches is the anſwer, 


=b_— = 30 - 42 28 4, for the height of mercury 


245 if + be taken, 
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| . : ſ ſe the WOE RIP be but 23 inches long, all elſe the ſame 
— | 


then = + y/ :c b CCI ng i= 
2 2 


: + 30323 = 39,24 inches for the greater root, and = 13,76 inches 


2 
4 for the leſſer root, which is the anſwer. 
'Fi .*  Dneſtion 182. How much air muſt be in a tube 10 inches long, that 
1 the mean height of the mercury in it may be 8 inches? See art. 352. 
Here is given bg 29 +, the mean height in the common barometer 
h 10 the propoſed tube's length and e = 8 the mean height in it, 


to find c, ſo it will be, e=h—e —2<E<fk=10— 8 


_—_ 


29,5 
"JE —1 .?3'5 inches of air, anſwer, 
29.5 29,5 


Dueſtion 183. What muſt be the diameters of the two tubes (fig, 
166) that the variation in this compound barometers lefler tube may 
be to that in the common barometer as 10 to 1? See art. 353. 

Here it is, as e: v:: ddm: 2m—dd— 1, or ſo is 14 d d: 29 
- dd — 1. but by the queſtion, as e: v:: 10: 1, therefore, as 10 
21 :: 14d d: 28 - dd - 1, whence d g 3, 3541 viz. the diameters 
muſt be as 3, 3541 to 1, (the denſity of mercury being to that of wa- 
ter as 14 to x) in hike manner, you may find a ſcale of variation as 
you pleaſe, (and uſe any other flaid with mercury as well as water) 
ſor if 2 m dd—1 be taken g o, or dd =2m— 1, then d = 
V2 -I: V2 = 5,2, that is, if the diameter of AIF be to 
that of CK F as 5,2 to unity, the ſcale of variation here will be in- 
finite in reſpect of that in the common barometer, but for all this, the 
common barometer is better, for this compound one is difficult, both 
to make and keep in order. 

, Dueſtion 184. If F B (fig. 165) be a barometer whoſe ſcale of va- 
riation 1s D G, how much muſt this ſcale be bent out that it may be 
3 times as long? 

Let G L be 4 the tube F B, and with three times D G in your 
eompaſſes and one foot in D, interſect G L in L, ſo is G L the requir- 
ed ſcale, for its plain while the fluid would riſe perpendiculary from 
P to G, it would fill the ſpace G F. See queſtion 178. 

Dueſtion 185. If mercury in the common barometer at the bottom 
of a hill ſtand at the height of 3ʒ0 inches, and at the top thereof, at the 
height of 29 J inches, what is the height of that hill? See art. 349 
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The height of mercury in the barometer being as the denſity of the 
gir and this denſity decreafirg in a geomerrical ratio as the altitude 
increaſe in arith. progreſſion, its evideat, the latter will be inverſcly as 


the logarithm of the former, that is (ſee quelt. 178) as log. of . 
| 2979 
85 feet :: log. of —— : 86,45 feet, that is, if the barometer be 


carried ſo high till the mercury fall 4 an inch, it muſt be raiſed 86,48 
feet higher to make it ſettle q of an inch more, and if in this manner 
the heights be found for every 8 of an inch fall of the mercury its 
plain the ſum of all theſe heights will be the height required. Thus 


As the log. of 1 85,29, and :: log. of: 85,58, and 
2 297 


ſo is log. of : 85,86 and :: log. of : 86,16, then 85 + 
29,6 29,5 
85,29 +85,58 ＋ 85,86 + 86,16 = 427,89 feet the anſwer. 
Again, ſuppoſe that by carrying the barometer to the bottom of a 
pit &c. the mercury in it riſe 5 tenths of an inch viz. there ſtand at 


30,5, then it will be as log. of : 85 : : the logs. of „ 
29.9 | 30 3ol 


EL - & and : to 84.72, 84.44. 84. 16, 83.89, and 
302 30,3 30,4 30,5 


$3,61 reſpectively, the height which cauſes the mercury to riſe of 
an inch as you are a going down the pit; then, 85 + 84,72 ＋ 84.44 
+84.16 + 83,89 + 83.61 = 420,82 feet the pit's depth. In this 
manner you may conſtruct a tube to ſhew the heights either afcended 
or deſcended, or both, and ſo by moving with a barometer either up- 
wards or downwards, you I ſee the diſtance to every teath of an inch 
Kc. fall or riſe of the mercury, but if the height is but ſmall, this way 
may ſerve viz. as o, 1 inch: 85 feet: : 0,5 inch: 425 feet anſwer, 
which 2,89 feet in the firlt caſe and (425 — 420,82) 4, 18 feet inthe 
ſecond caſe from truth. 

Queſtion 186. If AB (fig 214) be a tube open at the end B, with 
a ning of lead &c. laid about that end to make it fink that end fore- 
molt in deep water, when ſuſpended by the other end A, which is 
cloſe ſtopp d, how far in the tube will water riſe, when it is 300 feet 
under water, the ſaid tube being 10 inches long ? 

By art. 35 1. As A D: AB:: the force of the air in the whole 
be AB, to its force when preſſed by the water &c. into the ſpace 
Ab, now (by queſtion, 178) the preſſure of the air in a mean ſtate 
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ſuſtains a column of water (14 x 29,5 inches height of mercury) 413 
inches high, but mercury is not quite 14 times heavier than river wa- 
ter, ſo we'll take this height 400 inches, ſo if the tube be ſunk 400 
inches it will there be half full, becauſe then the tube full of air, wil 
by the water at that depth, be preſſed into half its firſt ſpace, and for 
any other depth it will be (by the above proportion) 3600 inches = 
300 feet is to 400 inches the ſtandard height as (4488 = ) 9 to 1, 
that is, the tube at 300 feet under water will be ꝙ parts full and 1 par 
empty, be its capacity more orleſs, whence if the tube were much wider 
at bottom B, than at top A, the water would not riſe ſo high in it 
becauſe the greater the diameter, the leſs the height to contain the 
ſame ſpace, and thus we have the nature of the diving bell, with which 
you may be let down into the water of a good depth &c. hence, alh 
is the nature of an inſtrument called Sea-gauge, which being ſunk ty 
the bottom of deep water, there ſtrikes, and loſſes a weight which 
carried it down, and then riſes to the top again and ſhews how far the 
air in it has been compreſſed, by which the depth is known as abore, 
See queſtion 190. 

Note. No other fluid like air will endure compreſſion, for by ex: 
periments they either preſs thro? the pores of the veſſel or break it 


The thermometer, a tube commonly ſet with the barometer, to 
ſhew the degrees of heat and cold, is made of ſpirits of wine ting 
with cochineal. | 

Dueſtion 187. If the ſucking pipe of a water pump be 28 feet lon, 
(b) and the piſton can be moved 8 feet every ſtroke (a) how may 
ſtrokes muſt he made before the water come to the top of the pipe! 
See art. 354. | 


Suppoſing a column of water 31 feet high (e) at that time to be i 
equilib. with the atmoſphere, and the diameter of the barrel =thatd 
of the pipe. 

Here, 2Zz=a +b+c=8+ 28 + 31 = 67, ſo z = 33,5 when 
emn=Z—+/:ZZz—ac: g feet nearly, for the height to which tit 
water riſes the firſt ſtroke, now this 4 feet taken from the pipe's heigit 
28 feet leaves 24 for a ſecond (b) the reſt of the letters being as be⸗ 
fore, we'll have e 2 - ZZ ac: = 4,2 feet, the height ti 
water riſes the ſecond ſtroke, and this taken from the laſt b 24 1ca"s 
19,8 for a third b, and ſo on as before, you'll find 4,6, 51, 8,) ” 
for the heights of water raiſed by the 3d, 4th, 5th, ſtrokes, vi 
total is = 28 feet, all but 1,4 feet, hence the water at the 6th {troke 

has only 1,4 feet to riſe in the pipe, after which it muſt run into 


* 


r a am 


” . © a0” £0 


* 


9 


Oueſtion 188. If a pipe be (b) 20 feet long, and a column of water 


35 feet (e) in equilib. with the atmoſphere, what length (a) muſt a a 


ſtroke be made with the piſton to raiſe the water in the pipe (e) 10 feet? 
See laſt queſtion, * | 
be Tce — ee be 


Here a —» — 2 — Tes 41018 feet anſ. 


Note. In theſe queſtions the piſton is ſuppoſed to deſcend every 
ſtroke, cloſe to the head of the pipe and then aſcend to the higheſt 
el:yation making every ſtroke equal, for if it do not deſcend from the 
higheſt to the loweſt elevation, there may no water riſe in the pump, 
as is thus proved from the laſt queſtion, its evident when the piſton is 
put cloſe down to the pipe, and then raiſed 8 feet above it, the air in 
the 28 feet of pipe would be expanded into (28 4 8) 36 feet, did not 
the water riſe (ſee queſtion 187) 4 feet, whence the ſaid 28 feet of 
air is in this caſe expanded into (36 — 4) 32 feet; then as the piſton 
deſcends, the water by its tendency downwards ſhuts the valve v (fig. 
167) ſo that neither air nor water can paſs into the well, now its plain 
when the piſton has deſcended ſo low as to drive this 32 feet of ex- 
panded air into its firſt ſpace of 28 feet, it will then be in equilib. with 
the external air, ſo if the piſton fall any lower, the air below it will 
become denſer than that above it ſo forces open the valve D to make 
its eſcape, therefore 32 — 28 = 4 feet, the ſpace that the piſton mult 
fall from the higheſt elevation to thus compreſs the internal air, or 
make it of equal denſity with the external air, but if no air eſcape 
thro' the valve D, no water can riſe in the pump, whence, if the firſt 
{iroke be 8 feet the ſecond mult be more (in this caſe) than 4 feet, or 
no water can riſe, and ſo on for any other. | 


9ueſtion 189. If the diameter of a pump's barrel be 6 inches, the 
diameter of the pipe 2,1 inches, its height above the water 16 feet, 
the height of a column of water in equilib. with the atmoſphere 31 feet 
each ſtroke of the piſton 2 feet, and the deſcent of gravity 16, 1 feet, 
What mult be the velocity of the piſton per ſecond that the water may 
follow it, or the pump work to the beſt advantage ? See theo. 199. 


Here, D =6, d=2,1, b=16 + 2=18, c 31, and s = 16,1 
whence, v Sag N: V- $b: = == X 9 (499, — 
289,8 : _ X 22,34 — 17,02 : s $432 21,303 


feet per ſecond, or (1, 3034 X 60) 78,204 feet per minute, ſo 78,204 
* | B b 
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= 4 {becauſe in one ſtroke are 4 feet, viz. 2 up and 2 down) = neajhy 
20 ſtrokes in a minute, anſwer. ; | | 

Dreftion 190. If by any means water can be made to afcend iy 3 
tube filled with air, and none of the air go out, its maniſeſt that the 
air in the tube will by the riſing water be driven into a leſs fpace, and 
ſo haye a greater ſpring or elaltic force ; as for example, if the air be 
campreſs'd into half the firſt ſpace, or theæeſſel Tfill'd with water, then 
it's ſpring will be double, or have the force of twice the atmoſphere, 
Now becauſe one atmoſphere can raife water to the height of 34 feet 
in yacuo, it follows that if there be a ſpout made a little below the 
ſarface of this rais d water in the tube, that it will ſpout to the height 
34 feet directly ypwards provided the tube be conſtantly kept full of 
water to the ſame place, for the force of the air in the tube being 
double to that of the external air, one half thereof will be fpent in 
overcoming the force of the ſaid external preffure, fo the other half 
muſt raiſe water to the ſame height that the preſſure doth in vacuo, in 
like manner if the air be compreſſed into 3, &, +, &c. of its ſirſt ſpace 
the water will ſpout to the heights of 68, 102, 136 &c. feet, from 
whence we have the conſtruction of the engine for quenching fre in 
cities &c. and may be done by a common pump, by faſtening leather &, 
about the piſton at the head of the pump ſo that no air can paſs, and 
then having made a few ftrokes to raiſe the water above the ſpout, let 
the ſpout be opened and the water will flow in a continual ſtream in 
any direction ſo long as the workman pleaſes to keep the water at the 
fame height. But if to the barrel of the pump (fig. 167) you fix an 
air veſſel or hollow cy all cloſe ſtopped except at the bot- 
tom d, there be a holè unicate with the pump, Now its plain 
when the water in the pufriſes to d, it will run into the tube d q 
and drive the air into a ſpace T q, whence, the water in the pump will 
be preſs d with both this air T q, and that above it at A, in the cl. 
tern or barrel, and then turning a ſtop-cock at A, it will run out in a 
continual ſtream, the aforeſgid engine conſiſts of one large air veſſel, and 
two pumps. 

Duet. 191. The engines for raiſing water by fire, called fire-engines 
are thus, AB C (fig. 215) is a copper vellel partly filled with water ta 
D E, which being ſet over a fire and made to boil will fill the upper- 
part D BE, with a vaſtly elaſtic vapour, whoſe ſtrength when fit to 
work the engine, is known by its forcing open a valve at e, charged 
- with a ſufficient weight, this elaſtic ſteam is then let into the barrel 
abcd, by turning a cock at F, where by its elaſtic force it raiſes the 
pilton G, which drives the air before it thro' a proper cock at top 


„% „ „% A _ „ 
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after this, that the piſton may by its weight deſcend, a little cold water 
from a fountain f g n is Jet in at the bottom by turning a cock ark, 
which condenſes the hot ſteam in the barrel into 3000 times ſeſs ſpace 
than it was in before the jet of cold water, this makes a ſufficient va- 
cuum for the piſton to deſcend in, the piſton G, and lever H I being 
thus put in motion, do accordingly raiſe and depreſs the piſton K in 
the barrel of the foregoing pump &c. L M on the other fide, which 
by the pipe M W, draws the water from the depth W. 


There are now ſeveral forms of fire engines with late improvements, 
but they all work on theſe principles, though their forms are much 
more compleat. 

By an experiment made on a fire engine, that made 16 ſtrokes ma 
minute, content of the ſteam barrel 113 gallons, the boilerrequir- 
ed to be ſupplicd with water at the rate of 5 pints per minute, fo 113 
* 16 X8 = 14464 pints of {team per minute, therefore, as 5 : 14464 
: 1: 2893 : : the rarity of water to that of (ſteam, that is, 1 of wa- 
ter will be 2893 of {team whoſe force is equal the preſſure of the at- 


moſphere, but this number is lettled at 3000, as aforeſaid, i. e. the 


3000 parts of ſtcam is reduced into 1 part of water by the jet of cold 
water 4 hence, we may compute the force of ſteam, as is done of air 
in the laſt queſtion; thus, when 3000 is confined in 2, +, 4. &c. of 
3000 it will be as ſtrong as 2, 3, 4, &c. atmoſphere's, from theſe queſ- 
tions alſo, we have the rarities of water, air and ſteam, as 1, 860 and 
3000, | 
Note. The forementioned cocks F and k, are made to open and 
ſhut as need requires, by the working of the engine. 
Queſſion 192. As there are 3 ſorts of water pumps in uſe, the ſirſt 
(bs. 167) called rhe ſueking pump, is ſufficientlydeſcrib'd in the theory 
ke. it cannot be amiſs here to explain the other two ſorts ? 


Firlt, a forcing pump of the common ſort, is thus conſtructed (ſig, 


216) AB is the barrel ſtanding in the water at W, G C is che pifton, - 


and Ca ſolid piece without any hole or valve, becaufe no water is to 
pals thro” it, this piece ſhould be leathered very ſit ſo that in working 
neither air nor water may paſs between it and the barrel at a diſtanee 
as D, below is fixed a valve in the barrel, between this and the low- 
elt deſeent of the piſton, as at H, there goes off a pipe, in which as at 
E is fixed a valve and diaphragma like that at D, now the piſton be- 
ing drawn up from C towards A, rarifies the air above P, and ſo the 
water riſes into the {pace C Þ, then when the piſton is forced down, 


tie water finding no paſſage thro' Cor D, is forced into the pipe at 
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H, and thro” its valve E into the ciſtern at F, (which may be ſet u 
any diſtance above the pump) and there run off by a ſpout. 


Secondly, a lifting pump, is a forcing pump of another form, (fg, 
217) FB is a barrel fixt in a frame ILM K which is alſo fixed im- 
moveable with the lower end in the water, EQHO is a frame with 
two ſtrong iron rods moveable thro” holes I, K, L, M at the upper 
and lower parts of the pump in Q H, to the bottom of this frame is fixed 
an inverted pilton B D, with its bucket and valve at top D, upon 
the top of the barrel there goes off a pipe F H, either fixed to the bar. 
rel, or moveable by a ball and ſocket, in either caſe it muſt be fitted 
tight that no air get into the barrel, in this pipe as at C is fixed a u- 
Ive. Now when the piſton frame is thruſt down into the water, the 
piſton D deſcends, and the water below will ruſh up thro” the vale 
D, and get above the piſton, where upon the frames being lifted up 
the piſton forces the water thro' the valve C up into the ciſtern , 
there to run out. 

Note. This ſort of a pump is ſet ſo fir into the water as that the 
piſton may play below the ſurface of it. 


The 37 following queſtions contain the full practice of Gunnery, 


Dreſtion 193. If the elevetion of a gun, (viz. the angle which its 
axis makes with the horizon) be 30? and the amplitude 2000 feet, 
to what height will the ball riſe in the air, alſo, what mult be the ele- 
vation when the amplitude is the greateſt poſhble ? See article 364, 
and 365. 

As ſine 600 (co- eleration) is to fine 300 (the elevation) ſo is 500 
(the fourth of 2000) to 287,5 feet, the height of the ball's path, and 
the required elevation is 4529. To this elevation guns are ſet when 
fired on trial, and the amplitude meaſured in feet, and marked on the 
gun, which is a ſtandard to compute other ranges by, and becauſe theſe 
ranges vary with the product of the fine and co - ſinc of the elevations, 
it follows that any two elevations equally diſtant from 45*, will have 
the ſame amplitude; that is 300, and 600, alſo 300, and 509, &c. 


will give the ſame amplitude. 


Note. In all theſe queſtions about gunnery the ſhows, or charge ol 
powder 1s ſuppoſed to be the ſame, except itbe ſaid to the contrary. 

Queſtion 194. When the impetus is 4000, what muſt be the tuo 
elevations, C A and D A (fig. 218) to ſtrike an object B, at 6969 feet 
diſtance on the plane of the horizon? See art. 369. 

As twice the impetus $000, or greateſt amplitude i is to radius (ine 
900) ſo is and other amplitude 6969 to 60⁵ 32 the double of is 
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elevation, ſo half of 600 32 30 16 DA B, of the path 
AFB, the leſſer elevation, whoſe comp. is 592 44 CA or the 
path A E B, to the greater elevation. | 

Oueſtion 195. If the elevation of a piece be 300 16', what mult be 
the impetus, to hit an object on the plane of the horizon at 6969 feet 
diſtance (by the laſt queſtion) as s 609 32“ (twice 300 16': 8 900 25 
6969 : 8000 half whereot is 4000 feet the required impetus, 

Oueſtion 196. If a ball continues 12 ſeconds in the air when pro- 
jected under an angle of 30?, what will be the time of its flight when 
the elevation 1s 60? ? 

(By art. 373) As $ 30? any elevation is to 12 ſeconds the time of 
the balls flight ſo is s 600 any other elevation to 20,8 ſecond the time 
of flight in that elevation. 

9ueſtion 197. If a ball continue 12 ſeconds in the air when the ele- 
vation is 450, what will the impetus be? See art 373. 

Here 144 the ſquare of 12, multiply'd by 16 the deſcent of gravity, 
vives 2304 feet for the greateſt amplitude, half of which is 1152 feet, 
anſwer, | 

Queſtion 198, What is the time of flight, when the elevation is 
329, and amplitude 5280 feet ? See art. 373. 


As radius is to tangent 329, the elevation, ſo is 5280 feet the am- 
plitude to 3299, whoſe ſquare root is 57,44, = 4 times the required 
ume in ſeconds, ſo 4 of 57,44 = 14.36 ſeconds anſwer. Theſe two 
queſtions are of great uſe at fea, and in adjuſting the fuſee &c. 


Queſtion 199. If the elevation of a piece be 45*, and the impetus 
1800 feet, and it ſtrike object whoſe horizontal diſtance is 3000 feet, 
what is the time of the flight? See art. 368. 

1. As (57600) 16 times 3600 the double impetus, or greateſt am- 
plitude, is to 1 the natural tangent of the given elevation 459 ſo is 
9000000 the ſquare 3000 the horizontal diſtance to 156,25, whoſe 
ſquare root is 12, 5 ſeconds anſwer. 

Rueſtion 200. With what velocity doth the ball leave the gun, when 
the impetus is 6400? See art. 374. 

I. The ſquare root of 32 times the greateſt amplitude 12800 is 
640 feet anſwer, that is, if the ball move uniformly, it will paſs over 
640 feet in a ſecond of time. 

Queſtion 201, If Ey (fig. 218) the height of the projection be 287% 
fee the amplitude A B 2000 feet, with what force will the ball from 
A ſtrike an object m, whoſe horizontal diſtance is A H 800 feet and 
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altitude m H (above the horizon) 276 feet, the balls weight being 20 
pounds 1 
1. Draw mn parallel to the horizon A R, then its evident the ball 
would deſeribe the path m E n, with that velocity that it ſtrikes m with, 
therefore the velocity fit to deſcribe m En will be the anſwer, fo, as 
ma (Hy) 200 is to radius ſo is twice Fa 23{2Ey—2mH) to 
tangent 60 30“ the elevation. Then (by art. 369) as fine 130 (twice 
this clevation) is to its amplitude mn 400 ſo is radius to 1780, the 


greateſt amplitude, fo (by the laſt queſt.) / 1780 K 32 = 238,6 
feet, the required velocity, then 238,6 x 201b 3% 2 bb the foire 
with which the ball ſtrikes the object, and leaves the gun with the fame 
force. See queſtion 138. 

Qucſtion 202. If the elevation (angle BA Chg. 218) be 300 and 
the amplitude A B go feet, where muſt the piece be placed to hit 
an object m, whoſe perpendicular height Hm above AB the level of 
the piece 300 feet? See art. 398. | 

1. As tangent 300 elevation, is to 400, objects height, ſo is 4000, 
amplitude to 2800017 this taken from 4000000, half (4000) the 
amplitude ſquared, leaves 1192983, whole ſquare root 1092 added 
to balf the amplitude 2000 gives 3092 feet = A v. If the ball were | 
to ſtrike the object n, after it has performed half its flight, but if it be mu 
to hit an object m, before half its path is paſs'd over, then 3092 taken Jed 

from A B zooo, leaves A H = yo8 feet for the anſwer. 

Queſtion 203. Let things be as in the laſt queſtion, but ſuppoſe the 4 


object to be m 400 feet below AB the level of the piece? Fig. 165. * 
— Having got 2807017, as in the laſt queſt. add it to 4000005 the 5 

:quare of 2000 (half A B), and the ſquare root of that ſum added to 
2000 the {aid half amplitude gives 4669 = AL, that m is below L 1 
being the ob ject. 
Durſtion 204 If the impetus be 4000 feet, what mult be the ele l. 
vation CAB (fig. 218) to hit an object n, whoſe horizontal diſtance ball 
Av is 5600 feet and height vn 812 feet? 2 
(By art. 399) From doo twice the impetus take 1624 twice $12 imper 
the ovjcas height, multiply 6356 the remainder by 8000 twice the t; 
impetus and from 3 1068660 that product take 31360000 the ſquare As 
of Av 5660, and there leaves 196420 Whoſe ſquare root 3432, add- cant c 
ed to, and taken from goo0 twice the in petus, gives 12432 and 3568, fourth 
chen us 3660 = A v, is to rad. fo is 12432 to tangent 65 45's dhe Fes 
det = 


greater thevation und ſo is 3568 to tangent 320 300 the leſſer ele auc 
rei aired. | 
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®veſtiou 205. Let things and as in the laſt queſtion, but let l. m 
(ag. 168) be 812 feet, viz. the object m to be 812 feet below the 
level of the piece, and A L its horizontal diſtance 5600 feet &. as 
before? ' 

1. To 1624 twice Lm $12 add 80090 twice the impetus, multiply 
9624 that ſum by 8009 twice the impetus, and from 76992000 the 
product take 31360000 the ſquare of A L 5600, then 6755 the ſq. 
root of 4563 2000 the remainder added to and taken from 8000 the 
oreateſt amplitude gives 14755 and 1245; laſtly, as 5600 : radius 
: 14755: tangent 69124 the greater, and ſo is 1245 to tangent 
12 374 the leſſer elevations required. 


Nueſtion 206, If A L (fig. 168) the horizontal diſtance of an ob- 
je m, be 5600 ſeet, and its angle of depreſſion L A m 89 15” and the 
elevation (angle LAC) of the piece 12* 37 , what muſt be the 
impetus fo as to hit the object? See art. 399. 

As 1,476 four times the ſum of the natural tang. 0,224 and 0,145, 
of 129374 L LACand $? 157 LLAm, (but if the object were ele- 
rated you muſt take 4 times the difference of theſe natural rangents) 
isto 1,049, the ſquare of 0,224 added to unity ſo is 5600 to 4000 
feet anſwer. a 

Nueſtian 207. If a gun be planted on the top of a tower, what 
mult be its elevation with the leaſt impetus poſſible, to ſtrike an ob- 
jet whoſe horizontal diſtance is 5600 feet, and angle of depreſſion 
89 15'? See art. 391, and 399. | 

1. From 90® take the object's depreſſion 8* 157, half of the remain- 
der 81 45 is 400 52 the anſwer, but if the object were elevated 
89 15, then 90 +89 15“ 980 15%, half of which is 490 7 
vould be the anſwer. 

Kt 208. Things being as in the laſt queſtion, what is the 

I. As radius is to tangent, elevation 40? 52+ ſo is 5600 to 4850, 
half whereot is 2425 the required leaſt impetus, art. 399. 


- Queſtion 209. If the elevation (B A C fig. 168) be 329 3o' and its 
"perus 4000 feet, and the inclination of a plane (angle B Am) 
& 15, required A m, the amplitude ofthis projection? See art. 400. 

As the ſquare of the ſecant of 320 30' the elevation, is to the ſe- 
cant of 8 15”, the inclination, ſo is 4 times the impetus 16000 to a 
fourth number, which multiplied by the ſum and difference ofthe tan- 
xs of 320 307 and 80 1 5 the elevation and inclination, gives 8992 


ket = Am As ne! 5 
* , ane is depreſſed, but 
waa "Way; preſſed, but 5658 feet = A m when mis 
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Queſtion 210. If the inclination of a plane be 80 157 | what muſt be 
the elevation of a piece with a given impetus, to throw the ball the 
fartheſt poſſible on the ſaid plane ? 


This is the ſame with queſtion 200, and therefore half the ſum and 
difference of 900 and 8 15”, is 499 7 L, for the elevation of the piece 
when the plane is elevated, and 400 52 4 for the ſaid elevation when 
the plane is depreſſed. | 


Queſtion 211. If by 16 lb of gun-powder the impetus be 4000 feet 
what powder mult be taken that the impetus may be 5009 feet ? 

As 4000 feet is to 16 Ib ſo is 3000 feet to 20 Ib anſwer. But in 
great charges of powder there is a conſiderable part of the powder 
blown out unfired, fo that the velocity of the ball in ſuch caſes cannot 
be exactly in the ſubduplicate ratio of the quantity of powder, there- 
fore this method ſerves only as a gueſs, See queſtion 177 


©neſtion 212. Given the diſtances CS = 8900 NS = 80000 each 
in feet, (fig. 219) and the angle NS C 3oꝰ on the plane of the bo- 
rizon, at s a gun is planted, whoſe elevation is 45 and impetus 40000 
fo that it might throw its ball to N, at C another gun is planted whoſe 
impetus is 90000 feet, what muſt be the elevation of this gun C, ſoz 
both guns be fired at the ſame inſtant of time, the balls may hit each 
other in the air, and the ball from s, be put out of its path by thit 
from C ? | | 

Becauſe the two guns are fired at the ſame time, and the balls are 
to meet, therefore the lines of flight muſt be equal, ſo by art. 382 the 
heights F G and D E of the two projections will be equal; whence, 
(by art 378) as 300 the ſquare root of 90000 C's impetus is to 200 
the ſquare root 40000 8's impetus ſo is ſine 459 $'s elevation to {its 
28 12/ C's elevation required. | 
Quneſtion 213. If s repreſent the ſouth point of the horizon and 

the north point thereof (laſt queſtion) to what point of the compa 

mult the gun C be directed? 


Becauſe D E the height of the path of the gun's, is (by art. 365) 
N s the greateſt amplitude = 20000, which is alſo (per laſt quel. 
FG the height of C's path, therefore it will be as tangent 280 17 
C's elevation is to radius ſo is 20000 the height of its path, to 37500 
which doubled gives 7500 CQ CG or GQ, for Cs half 
amplitude. Now as the paths interſe& each other in A, where the 
balls meet, ſo the amplitudes croſs each other in B, the horizontal 
point directly under A, and becauſe the times of flight are equal, we 
have (per art. 383) as $B:CB::SN: CQ fo by plane rigor 
metry, as CB, or as CQ 150000 : fine INS c 300: : 8 Bor 


8 As 
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$2000 : fine LBCS, 150 30“ which added to L NSC 30, gives L 
BSS NBC a 459 3o' or ſouth 459 30' eaſterly ſor the direction 
of the gun C. SEK 

Queſtion 214. Where will the two balls mentioned in queſtion 212 
fall, ſuppoſing them to be of the ſame metal, non- elaſtic, the weight 
of the ball from C to that of the ball foms as 3 to 3 (C to B) and 
that when the ball B croſſes the path of the ball C, C ſtrikes it with its 
whole force, the centers of the two balls being then in one tight line 
parallel to the horizon? Fig. 220. 

Becauſe when the balls meet in the air their centers are equally diſ- 
tant from the horizon, it follows that what alteration is made by the 
ſtroke will only be in their velocities and directions. M hence, in this 
caſe the balls may be looked upon as moving in their horizontal ranges 
SNand CQ, and becauſe the times of flight between meeting in B 
and falling at N and Q, are equal, therefore, BN and BQ will be 
as their velocities, and becauſe theſe velocities ſhew N and Q, the 
point of fall if the balls did not interrupt each other by their meeting, 
ſo the velocities after the ſtroke will point cut the required places of 
fall Now becauſe C ſtrikes B perpendicularly, therefore. BQ x C 
=C's momentum againſt B, but B ſtrikes C obliquely in the direction 
$N, fo from N upon Q C, let fall the L N A, then (by theo. 157) 
BA will expreſs B's velocity againſt C, ſo BA x B = B's moment 
againſt C, then by trigonometry, as fine L CBS 1349 300 is to CS 
8900 ſo is fine LB CS 300 to B C 6275, and fo is ſine LBCS 150 
30 to BS 3450, then NS 8000 — BS 3450 NB 4550, and CQ. 
150000 — C B 6275 = BQ. 143725, again, as radius: NB 4550 
::fineLANB (co-fine LNB C 459 3o') 449 30“: A B3200, then 
becauſe the balls tend ro meet, we'll have (by theorem 160) 
x — 143725 X 5 —3200X 3 —— 88628, the com- 

C+B S$+3 
mon velocity after the ſtroke, which is the diſtance moved by C, in 
the direction B Q ſuppoſe to R, viz. BR = 85628 feet) before it fall 
which would alſo be the place of B's fall, were it not that B is affected 
by the aforeſ.id oblique motion, draw Nu parallel to C Q_ making 
NP=AB, and Pu = BR, now B N, B's force being (by theo. 157) 
reſolved into the two forces BA =P N and BP =AN, whereof AN 
is not altered by the force B R of C, but the other force NP is there* 
by made = N u, whence B after the ſtroke will move in the line B us 
and come to u in the ſame time that C comes to R, (ſee art. 259/ 
therefore, the ball from C will fall at R, which is ſouth 452 30“ calt» 
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erz and 95903 (C B A. B R) feet diſtant from the gun C, and the 
ball from s will at the ſame time fall at u which is alſo ſouth 45 30 


galterly and 91828 feet (N P + Pu) diſtant from N. 


Queſtion 215. Suppoſe the weight of the ball B (laſt queſtion) to 
be 590, and that of the ball C 1, where will the balls fall? @ reaſon, 


Vela we'll have 222 dee ie 137 25— 160000 
rk 8 1 + 500 - 
_ 4 ; , 
5 ——.— =— 2906, 5 feet, for the common velocity or diſtance 
50 

moved after the ſtroke, which ſhews that C is reflected back, and 
would be followed by B. were it not for B's oblique ſtroke, whence 
tbe directians will be the ſame as before, viz. ſouth 35 300 eaſterly, 
and 6275 (C B) — 2906,5 = Cd 3369, 5 feet, d being the place where 
the ball from C falls, as alſo PN 3300 — 2906,5 = Ne 293, 5 fer, 
F the place of fall of the ball from the gun s. 


Qugſtion 216. Let the weights and velocities of the balls B and C. 
be as in the laſt queſtion, but ſuppoſe they ſtrike each obliquely viz, 
when the line y 2 parallel to the horizon joins their centers which line 
y z, with P E the line or plane which the balls touch when they meet 
on which from N and Q let fall the perpendiculars NP and Q, which 
are as the velocities with which (ſee art. 259) the balls diredly 
meet each other, then by trigonometry, as radius: NB 4550 :: live 
L NBP 452 : NP 3220, and as radius: BQ 143725 : : fine L DBQ 


899 300: Q D143710then (by theo, 160) D — P x 3. 


* — 5 
—— 25 8 29286 or = + 2926 (if B be poſ 
tire and C taken negative) for the direct velocity of both balls after the 
ſtroke, and becauſe the balls move from B towards Q and N, and the 
velocities B D and BP being parallel are not altered by the {troke, 

eſe velocities muſt be on the ſide P of y 2, but if the balls had mor- 
ed from Q and N towards B the velocities B D-and B P mult hare 
been ſet on the other ſide of y z upon B E, fo produce Q till RD= 
2926, and make Pu = 2926, join BR and B u, ſo after the ſtroke 
the ball B moves in B u and falls at u 299 feet (PN — Pu) fouth 
eaſt of N, in the ſame time that C moving in B R falls at R 146634 
fect (GDB) north welt from Q. 

Dueftion 217. Suppoſe the balls B and C (laſt queſtion) to be per- 
fectly elaſtic, where then would the bodies fall ? 


. 


—_ --” -» @ TI» 
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Let Q = the weight 1 V =143710 the velocity of © and q od 
the weight; v = g- the velocity B, before the ſtroke, then (by art. 
1 — 2 0 | iV. 2 * 
9 N= DNA m2: iY a 
59) G#q - * Q+4q 


SEEELEEERL, = — 149563 the velocity of C after the ſttbk# 


e 
and (by the ſame artiele 238) rr == 2623 for 
the velocity of Fafter the ſtfoke; and betauſd the bali being'elais 
does not alter their directions; therefòre make · D R iz feet anck 
Fu = 2633 feet, ſo is R, and u the places of fall as befôre. 5 

9ueftion 218. If the diameter of a cannonꝰs bore be 8 idthes; Hö. 
muſt de the diameter of it's bal? SS 

That the bullets may not be ſo big to burſt the piece, nor too little 
o as part of the powder may fly out between the batt” and gun, it is 
thought fit to make the balls diameter about 48 parts of the guns dias 
meter, therefore, as 20: 19 :: 8: 7,6 inches anſwer, 

Durftion 219, If the weight of a cannon's ball be 48 Ib, . and the 
weight of the cannon 8000 lb, what mult be the weight of another 
cannon whoſe-ball is 36 lb? | 

A 48 Ib·: 8000 lb :: 361b : Gooolb anſwer. q 1 

Theſo pieces ate made vaſtly heavy in order to be ſufficiently ſtrong 
ſo as not to burſt by diſcharging Ke. The weight of a ball being 33% 
lb. the!thitkneſ of metal at the breech of the cannon ſhould be 6 
inches and at the mouth 2 inches &e. for others, the ordinary charge 
ol cannon is to have the weight of the powder equal to half the weight 
of the ball, their lengths-ſhould be ſuch, as that the whole charge of 
powder may be on fire juſt as rhe ball quits the pieee, for if it be made 
too long, the weight of air to be driven ont before the ball hinders its 
force, if too ſhort, the powder goes out more of it unſired, the great - 
eſt random of a piece is about 10 times as far as the ball will go point 
blank. viz. hen the piece is laid parallel to the horizon. Cannot ars 
diſtinguiſhed by the diameters of the balls they carry, and are in lengili 
from 4 to 12 feet. | 3 

Queſtion 220. If a cannon weighing 6400 1b, give a ball of 24 lb 
weight an uniform velocity of 640 feet per fecond at the breech of the 
piece, how much will the cannon recoil in a ſecond, if free to move? 

The momentum of the cannon and ball are equal becauſe the pow? 
hw equally in all directions (ſee queſt? 177) fo (by theo. 154) 

— 8 = 25 4 feet per ſecond the velocity with which the canneft 
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.* Oueſtion 221. Let things be the ſame as inthe laſt queſtion but ſup. 
poſe the cannon to be fixed and its length 12 feet, required a preſſing 
weight equal to the force of the powder? See art. 252, 253 and 


254. 
Firſt, as 640 the uniſorm velocity of the ball is to 1 ſecond, ſo is 


a 8 
24 (twice 12 the cannon's length) to 88288 parts of a ſecond the 
time of the balls paſſing thro' the cannon at that rate, now ſince 
the powder conſtantly acts on the ball whilſt in the gun it will there- 
fore drive it along with an accelerated velocity, which velocity in the 
ſame time of paſting thro' 12 feet, produces an uniform one of 24 feet 
as above, But in accelerated velocities the ſpaces paſſed over, are as 


1 | 
ſquares of the times, therefore, as 283 ſeconde : 1 ſecond or as(] 


T: [1263 (71143) ſo is 12 feet to 8533 + feet; which the bal] would 
be carried thro' in one ſecond by the acceletating force of the powder; 
now, the weights of bodies being as the accelerated forces and theſe 
as the ſpaces paſs'd thro' in the ſame time, therefore as 16 feet the 
deſcent of gravity in the firlt ſecond, is to 24 Ib, the weight it gives 
the ball, ſois 85 33 + feet, the ſpace paſſed by the powder in one ſe- 
cond, to 128c0 Ib the whole force ef the powder; but if the gun be 
free to recoil, then this force 12800 lb, is part of it ſpent in giving the 
gun a velocity of 2,4 feet (ſee the laſt queſtion) per ſecond ; but the 
whole force produces a velocity of 640 feet per ſecond, therefore, as 
640 : 12200 : : 2,4 : 481b, the weight ſpent in giving velocity to the 
gun, ſo (12800 — 48) 12752 Ib is ſpent in preſſing on the gun and ball 
giving it a velocity of (640 — 2,4) 637,6 feet per ſecond, 

Queſtion 222. If a ball or globe, of caſt iron falling from reſt in 
vacuo, (viz. in a non-relifting medium) do in the firſt ſecond of time 
acquire an uniform velocity of 32,2 feet per ſecond, what will this ve- 
Jocity be if the fall be in open air? See the next queſtion and theo, 

As 7000 the ball's abſolute gravity is to (7000 — 1,2) 6998,8 its 
ſpecific gravity iu the fluid viz, air, ſo is 32,2 to 32,19 feet anſwer. 
Queſtion 223. What is the greateſt velocity a ball of caſt iron 6 in- 
3 or half a foot diameter (A) can poſlibly acquire by falling in the 
air? 

r. The denſity of caſt iron being to that of air as 50000 to 12, which 
is nearly as 5833 to 1 (d to D) we'll have (by article 327) 4 AX 


WI Ak EI A X 5832 = 3888 feet, the 
* 
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. | * . . * A 
height fallen in vacuo to acquire the greateſt velocity, that is, 75 * 
A 
d- D: ge, but (by art. 321) e= . , therefore, 1 
45 416,1 3 


„1d -D: e . whence, as (by art. 328) v 24: — 


SA: 4A: $932 X 16,1 (+: = 500 feet, chat is, the great- 


eſt velocity this ball can ever acquire by falling in the air is that which 

would carry it over a ſpace of 500 feet nearly, in every ſecond of time, 

otherwiſe if v=4/ 2qe; then per laſt queſt. as d: d - D:: 28: 

1 8 all e, Xx: d -D: (and by writ- 

11 35 Ki D for its WY then yv=2qe= : d 
3D 


— D; but if we take e=4 A LY then vv qe = Ex d-. 


SK . 189 22 *: d- D as before, hence, if the e 


D 3D 
mentioned in the theorems to art. 401, be taken = 4A X: — 


then q muſt be = 28, =twice 16, 1, but if e= £ SY then q mult be 
3D 

3. and in theſe theorems where q is not engaged, e 

mult be taken = 44, = (in thiscaſe) 3888, 6. 
3 D 

Dueftion 224. If a ball of caſt iron half a foot diameter, be thrown 
directly upwards into the air, with a velocity (g) fit to carry it over 
640 feet in the firſt ſecond of time, how high will it go, and what will 
be the time of its aſcent ? 


Here per laſt queſt, e = 3888,6, g = 640, and 5 = 32,19, ſo (by 
theo, 7, art. 401) m = 2,3025 e X log. of 1 + 205 : = 2,3025 & 
e 4209 = 3811 feet for the required height, 4. for the time, 
t'm 4 x arch of a circle whoſe radius is / 2 qe, and tangent = gs 


thus, az 4/2 ge V: 2X 32,19 x 3888,62 498.8, is to 640 (8) 


* 
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ſo is, rad. 1, to 1,283, which anſwers to the natural tangent of 52,066 
degrees, then-becauſe 57, 30 is the radius of a circle whole periphery 
is 3609, it will be as 57, 3 is to 52,066 ſo is 498,8 to 442,3 the ſaid 
arch which divided by q S 32, 19 quotes 1347; ſeeonds; for the tinm 
of the ball's aſcendiog. | 

Dreſtion 225, If a ball of caſt iron half a foot diameter be let fal 
in the air from a height of 3811 feet, what time will it be in falling, 
and what velocity per ſecond will it acquire by. that fall ? 


Here m = 3811, and by queſt. 222 and 223, q = 32,19 and e= 
389936; then take a8 a log. and put n = 1, divided by ity 


253025 C 
natural number, and we'll have v = 4/ : 2 q e x 21 — n: andt=; 
2, 3025 log. Iz — 3 nee — 


* "DM thus, 
| : 1 — DO: 24% 2353925 
54214 which looked for in the table of logs. its natural number is 


ſound = 2,64; them 2,378 n, ſo i -g, 6225 theres 
2,64 

fores v N: 2.32219 63889, 6 c „622: = 360 feet, for the dif, 

tance that would be diſcribed in one ſecond of time: with the velocity 


acquired bycalling. 4 tem ans 2623925 log. ; Wa Ln 
I — yy ,022 


= 18,5 ſeconds, fos the time. of falling. 

Dyeſtion 226. From what height in the air muſt a ball of caſt iron 
half. a foot diameter fall, to acquire a velocity, of z0ofeet per ſecond? 

Here v = 400, and by the foregoing queſtions, e = 3888,6 and 
q = 32,16, then, fromithe . laſt queſtion, jm = 2 3025 e log. - BYE. 

ade 
2.3025 X 3888,6 x ,4418 = 4047 feet, anſwer. 

If v the gzeatelk velocity, or v 2:4 g, thenthe diviſor 295+ 
— — 2 . E-, i hich caſe m, is inſinite, that is, 
the ball by deſcendingꝭ in · the fluid can never acquire · ita greateſt velo- 
city, tho' the higher or longer time it deſcends the nearer it comes to 
it, hence, (and by, theo. 1 660 a falling body cam never acquire an uni 
form velocity neither in a reſiſting, nor in a non · reſiſting medium, tho 
in either cafe it will intime come ſo near it, as that it may be taken 
as-duchy for imvacuo; the -ſpaces-tailen thre! in cachi{econd of timt 
ſcparately, are as the odd numbers 1, 3, 5, 7, 9, 11, 13, 15, 17, &. 


— — 


„ a= Q 10 - =& ww - 
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where its plain that the farther theſe numbers are contineed the led 
they'll differ, or come nearer to equal ſpaces in equal times, Ke. 
Dueftion 227. With what velocity muſt a ball of dak wood 4438 . 
feet diameter, be thrown into a pool of water 2 feetdeep, that it may 
go to the bottom, and there have 3 feet velocity per feoond ? . 


The denſity of oak being to that of water as 920 to 920, which is 
as 140 1, (d to D) wg'll (by queſt. 223) have e = LEG = 2 K 1 


x $327 = T4585 = 0,409, and by the queſt, m 2 and v=3, now 


if we take n = a natural number whoſe log. is . — we l have 
2, 3025 X26 


g=n v= 36,57 feet per ſecond for the required velocity; allo, the 
_— ©v,818 * 


balls falling through the fluid is t =>= x: g —v : 
8 109. 71 


35,57 20, 25 ſeconds. 
From theſe two equations g nv and t = 78. * : 8-7: we have 


m=2,3925X 2 e x log. 1 + = :N—T1%. 

Queſtion 228. If a globe of oak wood 3222 feet diameter be pro- 
jedted into ſtagnant water, with a velocity of 300 feet per ſecond how 
far will it have moved in 5 ſeconds of time ? a 


Here t 5, g = 300, and by the laſt queſt, e o, 409, whence m 
=2eX 2, 3025: log 14 = : = 3818 X 2,3025 X 3,2635 = 6,217 


feet anſwer, 


ln theſe two queſhons, for varieties ſake, I have ſuppoſed the den- 
lties of oak and water to be equal, in which caſe q is =o, and fo the 
ball may be conſidered. as moving by its innate force only; for it can- 
not be affected in this caſe, by gravity, for (by queſt. 222) q being ag 
the 2 generated by gravity, it follows that in m, 3025 e log. 
IETF : (cee theo. 7 art. 401) q maſt be negative if the ball 
defcend, and pofitive if it aſcend, but q =o if it do neither, or then 
the denſities of the ball and fluid are equal, in the other two caſes the 
denlity of the ball is meant to exceed that of the fluid, and thus taking 
4 Or +, and having given g, e and m, you may find v the velocity 
per ſecond, of the hall at any height m, ether defcending or aſeend- 
ug, and taking v r o, we hare the theorem in queſtion 224, Ne. you 
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may ſind any one of theſe letters, if all the reſt are known, but if the 
- denſity ot the fluid exceed that of the ball, you may take m 2,3025e 


x log. L when the ball is made to deſcend in the fluid, aad 


vv+29qc 

m = 2,3025 e log. . : when it aſcends therein. Ses 
18 ; 

Simpſon's Eſſays, 


Queſtion 229. With what velocity muſt a ball of oak wood 4322 
parts of a foot diameter, be thrown into a pool ot water 2 feet decp, 
that it may go to the bottom, and there have 3 feet velocity per (ce. 
cond ? (v) RY 

The denſity of oak being to that of water as 920 to 1000, which 
is as 23 to 25 (d to D) we'll (by queſtion 223) have e A.. 

D 

X NN 3333 = 0.37628, and (by queſtion 222) as 23 : 32,2 :: 
(25 — 23) 2 : 2,.8=q, fo by the queſtion, (m being = 2) we'll hare 
log. of 884 24* 2. — 2,310689, whoſe natural number 

vv+2qe 253025 c 

log. tables is = 204,45 Ee 
by the log. tables is = 204, 45 TLF . there · 
fore, g V: 204,45 X 11,087, — 2,087 : = 47,6 feet per ſecond 
anſwer. 

If the required velocity were ſuch, as juſt to make the ball goto 


the bottom of the water, then y— ©, and ſo 204,45 =1+ 


29e 
therefore g V: 204,45 — 1: X 2,087 : = 20,5 feet per ſecond, 
anſwer, | 
Queſtien 230. If a ball of caſt iron 6 inches diameter be projetted 
in the air with a velocity of 64 feet per ſecond, what muſt be the an- 
gle of elevation, to give it the greateſt horizontal amplitude ? See 
art 401. 
Note. In the 5 firſt theorems in art. 301. m denotes the height 
fallen in vacuo tu acquire the projectile velocity, or impetus = m, 


ſo (by art. 374) here m = 004 64 = 64 feet, and (by queition 223) 
* 64 
. e= 3888, whence cg: g6ee—235m, =» 7072, the natural 
192e—$12Mm 
ſine of 45 01', whoſe complement to 900 is 440 59/ the required 
elevation. Now putting t = 0,9995, and s = 1,414 the natural tan. 


Bo Q =-my © oo A @_ .,.. oc 
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gent and natural ſecant of 44 5 the elevation, we'll have (m = 64 
before) a 45D): ee x0 2 nll 
$$ 87 83 


3 e , 
the anſwer, this amplitude and elevation in a non · reſiſting medium is 


128 feet, and 45*, ſo the difference is very ſmall. Here it may be 

obſerved that the elevation, varies with m and e, &c. Theſe 37 laſt 
queſtions, are more than the practice of gunnery can ever require, 
but they exerciſe other curious parts of mathematics, and ſo are 
thought worth a place here; in gunnery there are ſeveral other ob- 
ſtacles to be minded, ſuch as the make of the gun and ball, if they be 


exactly round, the ball to be of the ſame metal, &c. See the fore- 
going queſtions, : 


In theſe queſtions the ball is ſuppoſed to have its velocity from the 
force of gun-powder, but other forces may produce this velocuy. - 
As, firſt, a ſpring, or bow. 2. By water &c. See queſtion 160. 3. By 
air ſee queition 190; for, if two tubes or gun barrels, Aland FI 
(ig. 166) be joined together at I, and the air in A I be by a ſyringe, - 
&, thruſt into the ſpace HI, and then by opening a valve at I 
where a ball is lodged, the ſeid confined air will puſh the ball out at 
F with great force, this is the nature of the air or wind gun. 4. By 
ſteam (ſee queſtion 191) whoſe vaſt force is there computed, it is prov- 
ed by trial, that if a piſtol barrel cloſe ſtopped with a few drops of 
cold water in it, have the end where the water is, put into the fire, 
and when it begins to ſimmer out at the touch hole, the air in the bar- 

rel is then exhauſted, then ſtop the touch hole cloſe up and in a little 
time the water will be converted into ſteam, and will blow out the. 
cork or ball at the other end with as great violence and noiſe as 4 
charge of gun-powder, &c. 
The zo following queſtions explain frictions ſpouting fluids, 
whirling bodies, waves, &c. &c. 
Dueſtion 231. Which of the mechanic powers has moſt friction? 


1. The ſmoother bodies are (except they be poliſhed fo fine as to 
ſtick together which can happen to few bodies) and the leſs ſpace they 
hare to rub on, the ſmaller is the friction, whence in the leaver, if the 
prop is ſharp pointed, the friction is little or nothing. 


2. In the wheel, the friction upon the axis is as the weight upon it, 


the diameter of the axis and the velocity of the axis periphery, (ſe 
queſt, 90) this ſort of friction is but ſmall. 


3. A rope of 1 inch diameter, whoſe tenſion is 51b, going over a 


y 3 inches diameter requires a force of 1 lb to bend it, and the 
* * | 


* | D d 
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force of bending a rope, is as the ſquare of it's diameter and tenfiog 
directly, and the diameter of the * = inverſely, (ſec queſt, 128) Kc. 
and 15 Ib over a ſingle pulley will draw up but 14lb weight, but there 
is a great difference in ropes ariſing from the temper of the weather, 
the difference of their ſtiffneſs, &c. | 

4. In the wedge, the power to overcome, mult be at leaft, as twice 
the baſe to the height. (See queſtion 50) 

In the ſcrew there is moſt friction, for it will ſuftain the weigh, 
in any poſition when the force that raiſes the weight is taken away, 
whence, to raiſe the weight there muſt be at leaſt a double force ap- 
plied to that intended in queſt. 66. 

6. In a fluid running throa tube, its plain, the parts rubbed againſt, 
are the fides of the tube, whence the friction is as the diameter of the 
tube and velocity of the fluid, or as the periphery and velocity, But 
the friction is greater in reſpect to the quantity of the fluid in ſmal} 
tubes, than in large ones, and that inverſely as their diameters, but 
the abſolute quantity of friction in tubes is very ſmall, except the tubes 
be very long, and the velocity very great; in rivers, the velocity is 

zateſt where the water runs deepeſt, and leaſt at the ſides where it 
is ſhallow, iris common to take half the fam of theſe two velocines for 
the mean velocity of the ſtream. See queſt 156. 

7, If any tube, the area of whoſe ſection is a, be divided into ſere · 
ral ſmall equal ones whoſe number is n, the area of any one of theſe 


frwall ones will be -g, and the friction being as the diameter it vill b 
as — or as ＋ (by taking a=1) and ſo the friction of them all 


will be as n which is as /n, the increaſe of friction by ſuch divi- 
n 
ſion. 


8. The reſiſtance of a plane moving thro” a fluid is (by art. 317) 28 
the ſquare of the velocity, or (by art. 323) =the weight of a column 


of the fluid whoſe baſe is the planc, and height == , but in a globe 


9. In all bodies viz. woods and metals, the friction is nearly the 
{ame if they be oiled or greaſed, in wood acting againſt wood, greaſe 
makes the motion +eaſier, metals of the ſame fort acting againſt each 
other have more friction than metals of a different kind, the ſofter and 


0 
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rodgher bodies #re the greater the friction, thefe experiments have 
been made (fee Mr. F.merſon's mechanics) to determine friction, viz 
a cubic piece of ſoft wood 8 Ib weight, moving upon a ſmooth plane 
of ſoft wood at the rate of 3 feet per ſecond; the friction is 4 of us 
weight, but if the wood be rough it is near 4 the weight, other foft 
wood upon ſoft wood very ſmooth, the friction is about 4 the weight 
ſoft wood upon hard, or hard upon ſoft & or 4, the weight hard wood 
upon hard wood, £ or 4 the weight, poliſhed ſteel on ſteel or pewter 
I the weight on braſs z the weight, on copper or lead, + the weight, 
&c. from which we learn, that there can be no general rule laid down 
to determine the quantity of friction in all caſes, | 


10. The friction (all things elſe. being the ſame) increaſes with the 
weight nearly in the ſame proportion, as alſo with the velocity in molt 
caſes ; a greater ſurface alſo cauſes more fiiftion with the ſame weight 
and velocity, in ſome caſes, but if the body move on clay, ſoft earth 
&, the friction may be increaſed by the rubbing parts being tov ſmall 
theſe things are all very plain if we conſider friftion as a power acting 
ayainſt the motion of the engine &c. for the only cauſe of friction is 
the roughneſs of the rubbing parts which rough particles may be con- 
lidered as fo many obſtacles over which the body is to be drawn, 

11, Hence, if by increaſing the power to overcome the friction the 
veight on the rubbing parts be alſo increas'd, then there mult be ſome- 
thing more added to the ſaid power, &c. : 

12. Alſo, if by any means the velocity of the rubbing, parts can be 


| made leſs, the friction will be leſſened nearly in the ſame ratio, &c. 


13. From theſe articles you may compute the friction of any engine 
&, by eſtimating the friction of every part by its ſelf, and then the 
ſum of all thoſe frictions will be that of the engine, &c. 

Queſtion 232. If in weighing 51b, it be found that 1 grain weight 
vill give the ſeales a caſt, what weight will give them caſt when they 
veignt 500 lb? See art. 10, laſt queſtion, 

As 5 b is to 1 grain ſo is 5001b to 100 grains anſwer, nearly. 

Queſtion 233. If a cylinder C A A (fig. 192) of AA forty inches 
dameier require a weight w of 201b to make it turn in form of an 
alle · tree round its: diameters, what mult be the diameters of to pins 
or gudgeons, a, and C, that turning round on them (in the ſame time) 
5 [rifion or force of turning may be only 31b? See art. 12, queſt, 

i - 

as-20Ib is to 40 inches ſo is 3 lb to 6 inches anſwer. And if you 
f the axle-tree of one wheel upon the periphery. of another 


1 the friction will ſtill be leſſened, ſuch wheels are called friction 
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* Dneftion 234. If the power P (fig. 193) being 21b weight, hold 
the weight w in equilib. and it be known that the friction be one third 
of the power, what weight mult be added to the power to overcome 
the friction, or give motion to the weight w ? 


Here its plain + of (P) 21b muſt be added to the power P, butthen 
this additional weight cauſes a greater preſſure on the pullies, and 
therefore (ſee art. 11, queſtion 231) requires 4 of its weight to be 
added, and that again for the like reaſon will require 4 of its weight 
and fo on, ad infinitum, whence the weights to be added will 3.55 
17 Fr, &c. the ſum of which decreaſing geometrical ſeries is (by ex. 
47 in algebra) = 11b the anſwer, 


Queſtion 235. I in a jet d' eau A D dF (hg. 222) the reſervoir 
Ah be conſtantly kept full of water, whoſe height L1, above d, the 
ſpout of the conduct pipe C D d, is 5 feet 1 inch, its found by expe- 
riment that the water ſpouts to the height d F of 5 feet, to what height 
would it ſpout if the water's ſurface L A in the reſervoir were LI 10 
feet ? 

1. The water would riſe to the height G, ſo that d G would be = 
LI, were it not for the air's reſiſtance, and from thence fall down in 
the ſtreams F H and F E, &c. now (by quelt. 224) the deffect GFis 
as the ſquare of LI or d G, the height of the water's ſurface in the 
reſervoir, that is, as 25 ({q. 5) is to 1 ſo is 100 (ſq. 10) to 4 inches, 
therefore, 10 feet — 4 inches =9 feet 8 inches the anſwer, But ſmal 
jets fall ſhort more than in this ratio, being more retarded by the air's 
reſiſtance, and the greateſt jets never riſe 300 feet high for the velo- 
city of the water at d, is then ſo great chat it is diſſipated into fmal 
drops like rain, by the air's reſiſtance, and for the ſame reaſon, water 
falling from great heights as from the clouds &c. deſcends in {malter 
drops the higher it falls. 


But to have a ſet to riſe to the greateſt height, theſe things are to 
be obſerved. 1. The adjutage (viz. the hole at d, thro” which the 
water ſpouts) ſhould be in a thin plate of metal, and ſhould be large 
as the reſervoir is higher and the larger it is the higher the water wil 
ſpout (ſee queſt, 224) if there is plenty of water to ſupply it, the con- 
duct pipe ought to turn in a curve as D E d, and not with an elbow. 
2. The diameter of the adjutage to be nearly as the ſquare root of the 
height of the reſervoir, and if the velocity in the pipe of conduct 1 
to be the ſame at all heights of the reſervoir, that the friction may dot 
* increaſe {9 much, then the ſquare of the diameter of the pipe of con- 
duct, muſt be as the cube of that of the adjutage. Otherwiſe, the 
diameter of the conduct pipe ſhould, at leaſt be 5 or 6 times 3s Vs 
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as the diameter of the adjutage, and if the height of the reſeryoir be 
50 feet, the diameter of the conduct pipe 6 inches, that of the adju- 
tage ſhould be 1 inch, &c. Laſtly, the ſpout ſhould not be exactly 
perpendicular in order to hinder the water falling on the adjutage a- 
gain. When water is carried a great way through pipes, the friction of 
the pipes will leſſen the velocity of the water at d, and the jet will not 
riſe ſo high. | 


Queſtion 236. To make an artificial fountain? Fig. 223. 


Let A BI be a veſſel filled with water in at a pipe A B going near 
the bottom B, now its plain, if this veſſel be turned bottom ypwards, 
there can no water come out at A, but will all run down a pipe A D 
and there ſpout out in a ſtream D H, and fall upon another like veſſel 
E F G, and fill it thro'ꝰ another like pipe E F, which, done the fountain 
may be turn'd upon the end B, and the water will ſpout out at H, and 
fill the veſſel A BI, by running in at the pipe A B as before, and thus 
by turning the fountain, it may be kept conſtantly playing. 


Note. If with your finger you ſtop the orifice A of the pipe A B, the 
fountain will ceaſe to play becauſe then no air paſſes into the veſſel 
AB Iand by taking off the finger it will ſpout againſt D as before, &c. 
An artificial fountain is very eaſily made thus, fill a ſtrong bottle half 
full of water, into which put a tube to reach near the bottom of the 
bottle, then ſtop the top of the bottle cloſe, ſo that no air pals between 
it and the tube, this done, blow through the tube what air you can, ſo 
will the air in the bottle be condenſed, and the water ſpout out at the 
tube (ſee queſt. 190) any of theſe fountains playing in the ſun-ſhine, 
and a black cloth placed behind them, the ſtream will ſhew all the co- 
lours in the rain- bow. 

Queſtion 237. If the diameter of the rim of a ſpinning wheel be 24, 
the diameter of the whorle that carries the feathers 4, and that of the 
bobbin or twill 2, what is the diſſerence between her twining and tak- 
ing up? 

Theſe things being carried about by the rubbing of the wheels band, 
it follows, that while the tim makes 1 revolution, the ſeathers makes 
(24 + 4) 6, and the twill (24 + 2) 12 revolutions, hence, the quan- 
tity taken up is (12 — 6) 6. | 

Note, The leſs a thread is twined (provided it have ſo much twine 
as to hinder the fibres from drawing out) the ſtronger it is, and will 
bear more weight. From hence it appears, that the twill and feathers 
together twine the yarn, and if their revolutions are equal the wheel 
takes none up, if the feathers ſtand {till ſhe twines none, and the grea- 
ter the rim, the faſter ſhe works, | 
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ien 238. If when the plane of the fail of a ſhip makes an L 
math the keel of 1 point, or 110 15”, the leeway is two points, what 
would the leeway be if the ſaid angle were 3 points, or 330 45“? 
Fig. 224. 

Let 8 A be the fail L to which draw SK to repreſent the force of 
the wind againſt the fail, and L to SD the poſition of the keel, dray 
D K, then (by theo. 157) the force 8 K is reſolved into the two for- 
ces, S D, the direct force, and DK, the leeway force, let DE and 
Ds be as the refiſtances the ſhip has a head and a fide with equal ve- 
locities, and ſuppoſe 8 C the way of the ſhip. Then (by art. 317) ag 
reſiſtance a head with velocity S D is to reſiſtance a head with velocity 
DE ſo is NS D to DC, and, as reſiſtanee a head with velocity 
DE is to reſiſtance a fide with velocity DE fois DE to S D, and as 
reſiſtauce a fide with velocity D E is to reſiſtance a fide with velocity 
DC ſo is P E to D C, from theſe three proportions we get, as 
reſiſtance a head with velocity S D is to reſiſtance a fide with veloeity 
DC, bis GS DPNYODE x DE CODE NA D CAS D ſo is 
S DN DE to U DC, but the reſiſtances are as the forces producing 
them, therefore, as 8 D: DK: :S DVD E: DC. = DEXDK 
henee DC is a mean proportional between DE and D K, let radius 
= T, tangent LDS R: = co-tangent DS At, then (by theo. 47) 
pr tt; $D:0 x SD'= DR, nds D DC: : 7: tanyent 


LDSC = I, but OCS DEX DBK, andDK=t x 


8 D. E. tangent L DSC E, 
SD 


fide is to reſiſtance a head with the ſame velocity, ſo is radius x co- 
tangent £ D'S A to tang, ſquare of L DSC the leeway, Alſo, in the 
ſame ſhip, DE and SD are conſtant, ſo it will be as / tangent of 
780 45/ is to tangent of 220 30“ ſo is y/co-tangent 330 45 = 509 15/ 


hence as reſiſtance a 


to tangent of 129 37” the leeway required. 


Thus by the logs. the _ of 780 45” = ( comp. 110 15”) 
10,013 ſo 7 n 780 45 = 10 27013 + 2.= $,3506 take 
ints, or — 
and 1 I — == 2 2 6875 c from 
anſwer tangent of 129 37' = 9,3541 leaves. 
Note. Here the hull and riggin are not conſidered, but the error from 
that is but ſmall, and on point of exceſs. 


Dreftionr 230. If the wind in direction WS (fp. 225) fal on 8A 
the fail of a ſhip, making no leeway,- what are the ratio's of the 
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forces, with which the ſhip is compelled to turn (che fail being 
xt her head) and in direction of her keel S D, as alſo to windward, 


Draw SCLSA, and CDS D, then (by art. 318) the force 
acting upon the fail in direction S C, is as the ſquare of the incident 
LWS A, but (by theo. 158) the forces in direction SC and $S D 
are as $C: S D, or as radius 1:8 LS CD, therefore, as radius 1; 
OSLWSA (force in direction SC);: SLS CDS S, LASD:(J 
S LWS AX SCLAS D g force in direction 8 D, and the force wo 
turn the ſhip about, is that in direction D C L the keel 8 D, ſo taking 
its oppoßte (CS D, inſtead of L $ CD, we'll have US, LWS A 
xs L DSC, or QS, IWS Ax co-line L ASD, S force in direc- 
tion D C, draw S PL WS, and DG L SP, then (by art. 318) che 
forces in directions SD and D G (that to windward) are as US D: 
D P, or as U radius 1: (JS, £ DSG, S co-fine LWS D, 
therefore, as (radius 1: {]S, WS Ax S, ASD (force mn duection 
8D) :: Oc —S, WSD: s, WSA N cone WS DxKS, 
ASD = force in direction G D, whence, if A the area of the fail, 
and v the velocity of the wind continue the ſame, (ſee art. 320) the 
forces of the ſhip forward, to turn her, and to windward are teſpec ; 
tively as vv AXES, WSAXS, ASDandyvAx(36s, WS A 
x co ſine ASD, and vv A x (18, WSA x OU co- ne WSD x $, 
ASD, or as $ ASD and co-line ASD, and (Jco-fne WSD XS, 
ASD, as required. 


7 

Oreſtion 240. Things being as in the laſt queſt. let it be required 
to find the velocities inſtead of the forces? See art. 317. 

The ſquare of the velocity of the ſhip, in any direction is as the force 
of the wind upon the ſail in that direction, or as (its ) the reſiſtance 
the ſhip meeis with in the water, conſequently, the ſquare root of an 
of the expreſſions for the force, will be as the velocity in that direc» 
tion, thus, v x$, WSAXy/:AXxS, ASD: and vv S, WSAYX 
A x co ſine ASD : and v KS. WS A X co- ſine WS Dx 
V AxS. ASD: are reſpectively as the velocities, forward, to turn 
and to windward. 

Note. If the LW s A, be ſtill the ſame, and SD P C be a half 
circle upon any line S C. then the force in any direction SD of the keel 
vill be to the velocity in that direction as the cord S D is to its ſquare 
root /S P, for the L SDC is ſtill = go?. 

Queſtion 241. If the wind blow at right angles to the keel of a ſhip, 
what angle muſt the plane of her ſails make with the keel, that ſhe 
May fail the ſwifteſt poſible? See quelt 239. 
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la this caſe WS (fig. 225) is L DS, fo the required L ASD, x 
the comp. of LWSA, let e = fine L ASD, then US, WSA yg, 
AS DSI - ee Xe (radius =1) ge - eee, which being a maxi. 
mum, you'll find e 4 = ,57735, the. line of 350 16 anſwer, lu 
this polition of the wind, WS D = 900, its co- ſine is S o, ſo Us, 
WSA x [] co-ſine WS D (o) x S, ASD =o, the force to wind. 
ward, and US, W SA X co-ſine ASD g cube 8, WS A, or cube 
co-fine ASD, which is greateſt when WS A = 900 or ASD =g, 
that is when the wind falls perperdicularly on the fail, the ſhip turns 
ſwifteſt. 

Sueſtion 242. How mult S A (fig. 226) the fail of a ſhip whoſe cen. 
ter of gravity is G, be inclined to the plane of the horizon H O, that 
the perpendicular force CD of the wind againſt the fail S A may nei- 
ther raiſe nor depreſs the head F of the ſhip, but keep her ſteady ? 


From C the center of gravity of the ſail upon H O the horizon or 
keel of the ſhip, let fall the perpendicular C B then if D C be the force 
of the wind againſt the ſail, S A then D B, is the force that generates 
the ſhip's progreſſive motion and B C the force lifting the ſhip upwards 
now the force DB (= b C) acting at C, in direction DB, endeavours 
to turn the ſhip, round an axis paſſing thro* G, with a force as CB 
XB D, viz, the abſolute torce B D x diſtance CB, and this is the force 
depreſſing her head; alſo the force raiſing her head is =BC x BG, 
VIZ, = the force BC in direction B C endeavouring to turn the ſhip 
round an axis thro G, the contrary way, x diſtance B G (ſee art, 280) 
hence the force to raiſe her head, is to the force to fink it as BC BG 
to CB x BD, that is BG to B D, therefore when the point D falls in 
G, the ſhip's head is neither raiſed nor depreſſed by the wind, ſo to 
anſwer this queſtion, the ſail $ A mult be ſo ſet as that a line joining 
the centexs of gravity of the fail and ſhip, may be at right angles to 
the plain of the ſaid ſail, but this point G muſt be at the meeting of a 
line H O parallel to the horizon or axis or keel of the ſhip, and to 
paſs thro” the center of preſſure or reſiſtance which the ſhip has by the 
water in her motion, and a line drawn perpendicular the horizon thro 
the center of gravity of the ſection of the ſhip and water. 


Queſtion 243. If S A (fig. 226) bean artificial kite, or a ſail in that 
form, with a line and ball e faſtened to the end A, to keep up the 
other end 8 tothe wind, blowing in direction W C parallel to the ho- 
rizon H O, now if this fail and ball be 10 ſtone or 140 lb weight, and 
its area 1000 feet, and the wind blow at the rate of 40 feet per ſe- 
cond, and the angle of incidence W C be 300, what angle HD C, 
with the horizon H O, will the cord CE D, faſtened one end to Cthe 
fails center of gravity and the other end at D make? 


— — 
= 2. wn 8 


S 2 & roo 
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1. Draw C G 1 SA, nd G E Ho, ſo is GC the direction of 
the force of the wind againſt the ſail, and the force of the wind to 
keep it up is (by art. 318) as ſquare incident LS C W, or CG Ez 
for becauſe W C is parallel HO, L WCG = £ CG H, whence? 
CGE S comp. C GH S comp. WC GS SCW. now becauſe E G 
is L horizon C G A, ſail, and E C the direction of the cord, therefore 
CG, G E and EC, are reſpectively as the force of the wind, weight 
of the ſail and force pulling at the cord. Let v = 40, velocity of the 
wind, 8 2 8, incidence 30% A = area 1000, then (by queſt. 145) 
00113 S SVV A = ,00113 X 25 X 1600 X 1000 452 lb = force 
of the wind CG, and G E = 1401b the weight of the fail, by which 
and the included L C G E = 30? the Ls G CE, and GE Care found 
=15*and 1359, ſo LHDC= 45, the anſwer. Here its plain if & G 
=GE, the wind can only hold the fail in equilib. if C G be leſs than 
GE it cannot move the ſail, &c. and the greater C G is in reſpect of 
GE, the higher it will riſe in the air, and the length of the cord CD 
makes no alteration in the L HD E. 

Nueſtion 244. If a plate of iron 8 A (fig. 226) be faſtened with a 
cord C D to C its center of gravity and D the bottom of a ſtream of 
water running at the rate of 10 feei per ſecond, with what force will 
the cord be ſtretched, ſuppoſing the weight of the plate = 140 Ib its 
area 17,4 feet, and the angle of incidence SC W = 309, and, the 
plate put up in the ſtream as a kite in the air, 

By queſt. 145, we'll have 0,978vv SSA = ,978 x 100 * 425 & 
17,4 = 425 nearly, the force of the ſtream CG, and by this, and the 
laſt queſt. GE 140, L CGE = 309, ſo the L of altitude HD E 
45- And then as 8, LGCE 15 is to G E 140lb, fois S, LCGE 
30? to E C nearly 270 lb the anſwer, all found per laſt queſt, radius 
being = 1, and then S = o, 5 the natural ſine of 300. 

Oueſtion 245, When the wind in direction WS (fig. 225) makes 
an LWS D with the keel $ D of a ſhip of 600, what LAS D mult 
the plane of the ſail S A make with the keel, that the ſhip may make 
the moſt way a head poſlible ? | 


By queſt, 241, we are to divide the LWS D into two fuch parts 
or L's, WS A and A SD as that the ſquare of the fine of WS A, 
multiplied fine of AS D may be a maximum; let 8 = fine WS P, a 
=lne WS A, e S ſine ASD, c = co- ſine WS D, radius r, then, 
to give a clear ſolution, let A N (fig. 134) be the arch to be divided 
Whole ſine is P G =, and co- ſine C G Sc, into the two arches A N 
and NP, whoſe ſines are N 2 Z a, and P O Se, co- ſines C2 and GO, 
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now Hecaufe l POT —=L1 GC Sat B, and 2, each = 9oo bete. 
fore, comp. OI P = comp. CI GSO PI ICG, ſo the As VO 
GIC, BO c, and z N C are ſimilar, therefore as C N: CZ:: Co: 


. ” [ * k \ 
COxCz = CB, and as CN: Nz::PO:VO=GB= , 


hence CB - GB =— 


| 


CN 


co XTC NZ NPO 6 
CN „ 


SVirr—ee: and Cz g Virr—aa: 


— — — r—_— 


ea/rtr—aabay/rr—ee=rs 
aace ae Gs 
aa ec 4 : X4y/ If —aa X 


1 * 
Vrr—ee 288. 
SS =aa 2 z ae Tee, taking 2 = — or 2 =e, 


if radius r = 1 


e SsS-aa zz aa —Za, by compleats 
ing the ſquare &c. 

a ae N.: at 88— 44 2286: - Za3 a maxi- 
mum by the queſtion. 


3 2 gαõ, which equa - 


tion ſolved will give the value of a required. 
If in this laſt equation we wtite 1 — 8s for 2 z, and V 1 — $$ for 


4aS8—<643 4623 — 6SSa3 


2 (its equal) we'll have 2 — 99s 


2 Via SS— a + a® — 88a“: 


>= 


SS sss „. 822 9 0 
27846, 9 PPE TIT: x9 9 , 


Which by tranſpoſing 4/ 9 —9 SS, ſquaring each fide and multiplying 
by 4422 — 4 a *, gives, SS'X 2:16 — 48 aa + 36 a“ = 36 X 88 
% —a%+a* S*a?, whence, 36 a. — 36422 — 128844 


1688, 4 — > $282 a a2 1688 ora* ; — 1-488 


———— — 


— . 


= 


Xx 22 - 588, which by compleating the ſquare &c. and putting 


4 ＋ £SS—n, we'll have 22 924 ay: . 
the natural fine of 380 22“, ſo 60˙ - 380 22 =219 38' anſwer, 


488 
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Note. It appears that the ſine of the difference of 380 22 (LWSA) 
ad 210 38“ (LASD) is + of the ſme of 60%( L W $.D,) theit 
ſum, and will ſtill hold fo, let Ws I be what it will, and by theſe 
fines you'll find that tangent L WS A is always double tangent L ASD 
by which ſuch queſtions may readily be ſolved when Sis given, 

QAueſtion 246. Let things be the ſame as in the laſt queſtion, but 
ſuppoſe the rr. of the wind to be 9 (V) and that of the fail, er 


ſhip a head 3 (v) ? 
Let 8 W (bg. 205) be the velocity of the wind, and 8 b that of 
the ſail, then its plain, while the ſail wich theſe two velocities from $ 


to b, the angles WS A and W SD, becomes the Ls Wba and Wb D ' 


(the L A'S H being (till equal angle $b A, becauſe the ſail moves 
parallel to itſelt, draw LS L ASA, allo LRandWQ,, each 
SD) then by the laſt queſtion, we'll have 13S W ba x SS baz 2 
maximum, as will otherwiſe appear thus, draw We 1. to the 
Aba produced, then ſince W'S is the direction and velocity of tho 
wind on the fail ASA, it is plain we (ſee theo. 1 58) is that force of 
the wind which drives the fail from b to 8, which (by art. 318) is ag 
We, or as incident L W be, ſo (ſee queſtion 239) US L Wbe 
XS LSbe = (as above) force in direction b S, now V = 9, being 


SWandv=3=Sb, let S fine and 2 =co-ſine of LW SD (600 


alſo put y = Sa, e ab, then Sa and L a being taogent of the Ly 


Sba and Lba, to the equal radius b a, we'll (by the note to the aſt 


queſtion) have La 228 a =2y, foLS=3y, alſo < 7 = t= tans 


gent La S b, (if the radius be Sb = 1) then by ſimilar As, as v: 52:2 
31: LSS R, fo 39% wv= = =bR=SR— 
o 


v v 
Sb, alſo as v: e:: 3: = = LR, but by trigonometry QW = 


* Ine 


SV, and bQ =z V — v, whence again, as SV:zZV—rv:: 
| v 


: (bR) ebe . therefore, — =: = x ge y, (or 


becauſe 7 y + ce N) 295 - ee: = 3e y, which divt- 


Gd by y y. Kc. gives — .: =; * = =2, which by com- 


220 THE UNIVERSAL MEASURER 


5 
— VV 


pleating the ſquare &c. gives —=v/: 2 2+2X—— To MRS 


z2V—r, 


8 V 


plement is 340 53“ for the required L bag L HSA, ſo as that the 
effect may be a ne If the ſail be at reſt, or v g o, then t = 


=t = 1, 155, the natural tangent of 499 07, whoſe com- 


ZV— V— 
aA 2 4 KK —— 12 2 ae 


488 VV 
39 29.24 922 1. 2422. 3X0.5 
28 A 4X0,75 2 5 


= 79S the natural tangent of 38 22“, whoſe comp. is 519 38 
—=LSba=LHSA, the ſame as would be found by the laſt queſt. 
for L WSD being = 600 the LHS W, will be = 120%, whoſe na- 
tural fine is 4/,75-{for 1800 — 120 = 600) one third part of which 
is + 4/,75 = ,2887 the natural ſine of 160 44', then LHS W 1200 
— 1644 = 103® 16, half of which is 51® 38' for the L HSA, as 
before. 

Queſtion 246. If the wind or any fluid fall perpendicularly on the 
plane of a fail, what angle muſt the ſaid plane make with the direction 
of its motion, that the effect may be the greateſt poſhble, ſuppoſing the 

velocities (V and v) of the wind and fail to be equal ? Fig. 205. 


Here V= WS, v=Sb, Let ag ſine LWS A (= rad, 1) which 
the direction of the ſtream makes with the plane, and e = ſine of the 
required HSA =LSba, then becauſe A A A a, the L W de 
L W SA, then (by the laſt queſt.) the force in the perpendicular di- 
rection as . FRO by we, ſo the force fin direction bS, will be 


Ave xs ID =, but by plane trigonometry, e v =$ Sage E and — = 


Sd, alſo, as 1 : v : sat Va—ev=ew, ſo Lexx > = 


Trex? =eVVaa—2Vyace +vve? =f (w by queſt, 
240) which by the queſtion muſt be a maximum, ſo V V aa— 4 Vvae 


43 ee vy go, therefore ce — ea, whencee= 
f 3 v 3 vv 
2Va VVaa VVaa Va 
wag, th = — = = 7 = 3333 the natur- 


3 v 9 Y 3 vv 3 


e eee 
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al fine of 190 29“ the anſwer, from this laſt equation we have, As 4 
the velocity of the fluid (4 V) is to the velocity of the plane (v) : : the 
fine of the L made by the plane and its direction (e) to the fine of the 
angle made by the plane and direction of the ſtream (a) when the ef» 
ſect of ſuch a machine is the greateſt poſſible, but this proportion is 


impoſſible if _ S e, be more than unity, for e the natural ſine of any 


L, cannot exceed radius (1) or unity, if a and e are each =radius (1) 
or the ſail at right angles to the wind and goes directly before it, then 
SAV. Hence, if the wind can produce a velocity in a ſhip &c. - 
greater than + of its own velocity, its plain the ſhip may run ſwifter 
upon an oblique courſe than when ſhe fails directly before the wind. 

9ueſtion 246. What angle muſt the plane of a fail (of a wind- mill 
&c.) make with the direction of its motion that it may turn or move 
with the greateſt freedom poſſible, the velocity (v) of the ſail being 4 
of the wind's velocity (4 V) and the wind blowing perpendicularly on 
the direction of the fail ? Sec queſt, 144. 

Let things be the ſame as in the laſt queſt. but one, then 8 being 
=radius = 1, the co-fine Z will be = o, andſot=4/:2+2X 


F zZV —y g9vyv v rr 
1-4 X N24 — . 422 = | 
1 SV . v bar bn. 


+3 =4/2,1406 + 0,375 = 1,855, anſwering to the natural tangent 
of 61 4o' the anſwer, If v=o then t 4/2, which anſwers exact- 
with queſt, 144, now the velocity of the fail of a wind- mill being as 
its diſtance from the axis of motion, if we ſuppoſe v = the ſails velo- 
city at 1 foot from the ſaid axis, then the velocity at 2, 3, 4, &c. feet 
Giltance, will be 2 v, 3v, 4v, &c. and that the effect may be the 
greateſt, the ſail muſt be ſo twiſted as every where to make an angle 


vith the direction of its motion, whoſe tangent = 242. 
4 VV 


8 * 
+ N. 


Queſtion 246. If C8 B, be a lever, 8 the prop, 8 C ag 6, SB= 
be zo, the weight at C = w = 500, what weight or power P placed 
a B, will give w the greateſt momentum poſhble ? Fig. 158. 

Note, Here are 4 queſtions of this number 246, in a miſtake, but 
the number is regulated after queltion 294. 


a2, or u ==, letn+q=P, 28 = velocity acquired by gravity 


262 THE UNIVERSAL MEASURER 


1. Let n = the weight that will ballance w, then per lever bn 3 


b 
n the firſt ſecond of time equal 32 feet v equal the velocity gain'd 


or acquired by w in the ſame time, then a: v3: bt r clas. 


tyofP, therefore, * = the ſum of the ſa 
4 

pu 

motions of w and P, and as. the motion of q, becauſe 20 

by this motion they are both generated, i. e. avw +vbP=2Sqa gre 


= (becauſe 1 179 28a Xð : Pn: = (becauſe n= >) 285 


X : FEY : whence v = 292.0: bY —2'T: whence, vis ſe 
bx:bPpaw: + | 
. which by the quell 2 


be: ba: 


muſt be a maximum, and therefore (art. 223, w variable) we get bb pp * 
=2Phaw +22 wa, which ſolved gives w = — LEV xbp= te 
bP 6 X 590 5 

0,414 > P 2,47 5 = 241 55 224% anſwer, i nan 
I, 

See queſtion 253. 2 m 
2. It is plain by the figure, that 8 B may be the radius of a wheel, para 
and 8 C the radius of its axle · tree, the ptoceſs will be the ſame, and after 
any 3 of the 4 letters a, b, P, w, being given the 4th may be had from gin, 
laſt equation, and when a b it is a pulley, and then P = 2,417 cent 

x 500 = 108, 5. h * 
2 28a * Db — au: fr of thi 

$- By ng nr BRED f che! 

F liche: 

its equal , ROY 127 2—I =13,248 —= 2,6496 wer ſe 
feet, the velocity acquired by w in the firſt ſecond of time, and the — 
1 

velocity acquired by P in the fame time is = X 13,248 — = Wes» 
13,248 feet. And in caſe of a pulley, a Ab, then 13. 248 is the e- ; oi 
locity acquired by each weight in the firſt ſecond of time, when the mo 
momentum, or force of cach Pye is rs Roe i 
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5 well get vz 2 : Ab 
value of v, inltead of w, we'll get v 7 * 1211 


755 i feet, the velocity acquired by w in the fit ſecond f 


time, and = * 35 = 103, the velocity acquired by P in the 
ſame time, when w is raiſed by P in the leaſt time, and in cafe of a 
pulley, or b S a, 10 f feet in the firſt ſecond of time is the veloci 
acquired by each weight, Here, If S = 32, the uniform velocity 
pravity then 4 8, becomes 3 S, the ſame as 4 y ge, queſt. 150, &c. 

Queſtion 247. If a machine is to move a weight of 3000 Ib at the 
rate of 2 feet per ſecond and the power to do this can only move 10 
feet per ſecond, what is the weight of the power? 

1. In caſe of an equilib. (ſee theo. 183) the momentums of the po- 
ver and weight muſt be equal, ſo to put the machine in motion, ſome · 
thing muſt be added to the power, or its velocity increaſed, ſo 5000 
x 2= 10 xp, Whence p = eg — 1060hb for the equilib. anſ. 

9ueſtien. 258. If a veſſel of water kee. receive a hake or ſtroke, 
the water will undulate up and down the two oppoſite fides of the 
refſel, now if the breadth of this moving water be 18 mches, how 
nany times will ĩt undulatein 1 ſecond? . 

1. if a beam &c, be horizontally ſuſpended by its middle and ſet 
2 moving, it will vibrate up and down till it recover a poſition 
parallel ro the horizon and then reſt, fo will water in a veſſel 
alter the veſſel has leaned to one fide, and then ſet upright a» 
gn, whence it follows, that the motion of waves, or aſcent and deſ- 
cent of water. up and 'down the two oppoſite ſides of a veſſel, is the 
lame with the ſwinging of a pendulum whoſe length is half the breadth 
if the waye, or undulating water, therefore. (ſee queſtion 117) As 9 
nches (the of 18 the given breadth) is to {q. 1 ſecond ſo is 39.2 
nches to 4,35 «- whoſe ſquare root is 2,08 the number of times 
ger ſecond anſwer, 

Veſlion 249. If the breadth of a wave in the ſea &c. be 18 inches, 
Wat is the velocity of the water in that wave, that is, how many in- 
es will it move per ſecond ? 

By the laſt queſtion, when the waves are 39,2 inches broad the wa- 
tr will undulate in one ſecond of time, then becauſe waves like pen- 
ulms are moved by gravity, it will be as 39,2 : ſq. 39,2 ſois 18 to 
be ſquare of the required velocity, that is, Y : 3942/48 3 = 26,56 
\cacs per ſecand anſwer. 


— 
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Dreſtion 250. If A B (fig. 227) be a circle made about any heary 
body whoſe center of gravity is at C in the center of this circle, and 
if about this circle's periphery a ſtring be wrap'd and one end 8 thereof 
be faſtened to a pin, and the body let go, how far will it deſcend in 
the firſt ſecond of time, by unwinding itſelf about theſtring, the radiy 
AC being 10 feet ? 

Let O be the center of oſcillation to A, the point of ſuſpenſion, AB 
being parallel to the horizon, then (by queſtion 122) AO dA 


o,4rr =r + 0,4 r (becauſe in this caſed t) = 1,4 7 = 14 fect, 
d 


Now when a body oſcillates, its whole force or weight is in O, (art, 
291) and ſo when it begins its motion, it begins to fail freely as if i 
were placed in O, and at the ſame time begins to whirl about the cen 
ter of gravity C, now becauſe A, C, O, are {till in the ſame right line, 
the body conſtantly whirls in the ſame manner, and therefore as 4 0 
is to A C ſo is the velocity of the body freely falling to its velocity 
when whirling, ſo is 14 to 10, whence, as 14 is to 16 (the deſcent of 
gravity in the firſt ſecond of time) ſo is 10 to 11 3 feet anſwer, 

In this queſtion the body is ſuppoſed to be a globe with the ſtring 
about its greateſt circle; in any other body the ſame is true, by look- 
ing upon the body as ſuſpended at A, at the unwinding of the {ting 
and finding the center of oſcillation O, to that point A. 


Dueſtion 251. Whether will a cylinder 36 inches long, 20 inches 
diameter and 15 lb weight deſcend faſter, by unwinding a cord fron 
about its middle (or row! as it falls,) or by having the cord wrap 
lengthways and ſo turn end over end as it deſcends, and in whether cal 
will it ſtretch the cord moſt? See art. 292. 

By the laſt queſtion, as 2 of 36 is to 4 of 36, viz. as 24 is to 15, 
or, as 4 is to 3, that is, + is as its velocity turning endways and 2; 
of 10 is to 10, viz. as 12,5 is to 10, or as 5 is to 4, that is, 485 
its rowling velocity, therefore, as ? is to 4 ſo is 16 to 15, ſo is tbe 
rowling velocity to that turning endways in the ſame time. Secondly, 
ſince the weight &c. of any body lies in its center of gravity, the body 
in this caſe may be conſidered as ſupported at the points A and O, and 
then (by art, 272) CO and CA, will be as the forces in A and 0, 
and therefore, as A O: CO : : weightof the body: force at A, whit 
is equal the tenſion of the cord $ A, and is (per laſt quelt.) always de 
ſame; whence, C) and ( 22) 2.5, thatis, nut 

| 5 
2,5, or as 12 is to 5 ſos the tenſion of the ſtring when the body uu 
end ways to its tenſion when the body or cylinder rowls. 


— — r 


r — 
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Oveſtion 252 If a pair of wheels were placed at the top of an in- 
dined plane perfectly ſmooth, whether would they flide or whirl 
down it? - 

If in the two laſt queſtions, inſtead of ſuppoſing the motions to be 
Ive ſuppoſe them to be down an inclined plane, its manifeſt the re- 
ſult will be the ſame, and the place of the cord will be ſupplied by the 
friction of the wheels, if the plane be rough. or by teeth in them if it 
be ſmooth, whence, as a body does not whirl in freely falling, its plain 
the wheels will ſlide down this plane, and that the reaſon of carriage 
Kc. wheels whirling, is owing to the friction or roughneſs of the 
ground, &c. 


Question 25 3. If two weights P and w (50 and 70) one at one end 
ol a rope and the other at the other end thereof over a pulley be let 
go at liberty, with what force is the rope rais d? | 


1. If W act with a force = F, and P with one = f, then its plain that 
F — f is the force with which w is urged towards the horizon, whence 
becauſe both bodies (by reaſon of the rope) acquire the ſame velocity 
the motion generated in w alone, or in that part of the whole expreſſ- 


ed by ____. will be 8 N, vat if the rope were not, the mo- 
P + w P+W | 
tion of w, would only be F, therefore the loſs of motion by the action 


K = ah 2 for the force ſtretching 
P + w Fr + w | 
the rope, or that ſufficient to cauſe the ſaid loſs of motion, and if F = 


2. 58 J the ſaid ſtretching force, which dou» 


of the rope 1s F — 


wand f P, then 


PT. 
bled (becauſe this force is the ſame at each end of the rope) gives 
4 
P + w 
are in motion. 

2. If inſtead of the bodies moving in direction perpendicular to the 
horizon, one of them (as w) moves along an inclined plane B O (fig. 
211) by the perpendicular deſcent of P, the rope over a pulley at the 
angular point O, and the height B E of this plane be to its length B O, 
as à to b, then by the property of the inclined plane we'll in a caſe of 


equilib. have a w =bP, and therefore == force F, by which w tends 


«+ FF 


= 1164, the weight on the axis of the pulley while the bodies 
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to move down the plane O B, which written in SE, for l, 


P W a I b : for the tenſion of the 


* — 
P+w b | 
pope in this caſe, where if the angle OBE of inclination be 300, then 
P 
T a 4b Pw wa 
P + w b \.P + W 
434, the tenſion of the rope, and doubled is 87 "BD the weight bord by 


the pulley in-the time of motion. 


Say:bw—aP: 
n. bx bW TAP: 


frſt ſecond of time, that the body w would deſcend in direction I. to the 
horizon and P aſcend the ſame diſtance Fay upwards, or the con- 


trary, therefore as 445 feet : [7 1 ſecond ; : any perpendicular height 
3 [J time in ſeconds, ./ | 700 thro* that height, and in caſe the bo- 


lies hang at liberty over a pulley, then a = b, and ſo v = r 


and Pforf, it becomes 


as b; a;: 2: 1, therefore 


= 4 r7 feet, in the 


2 ſeet, in the firſt ſecond of time &c. 

Note. S = 16 feet the deſcent of gravity in the firſt ſecond, 

4. If the weight w is to be drawn up the inclined plane B O (fig, 
211) by the power P deſcending perpendicularly at the other end of 
the rope over a pulley at O, in the leaſt time poſſible, let b = B O the 


plane's length, and a = E O its va then ſince as above, the force 
. = —AV for 


tending to more w being as = we have P A = 


the force f by which the bodies are accelerated, and * from t 


3 151) we have t (b being = 1 and dÞ—aw f 
b 


415 — — which being made a maximum (b variable) we get 


b P = 2 aw, now if b, be as radius 1, then a will be as ſine Linclina- 
tion OBE, then P aw, or _ Sa 20,3571 =line of that angle 


Ke. If a =b, then the weight w, and power P are at liberty over 2 
pulley, and then P = 2 w, whence, the power mult be equal to twice 
the weight to raiſe it in the leaſt time poſſible but (queſt. 246) p 2,417 
w, when the momentum is greateſt, Hence, in any combination 0 
pulleys, if it be as velocity of w: velocity of P:: Oo, 414 P: w (or :: 

XP : w) then will w have the greateſt momentum (or be raiſcd in the 
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eaſt time), alſo by (queſt. 115) P 1,5 w, when the machine pers 
forms the greateſt effect with the moſt eaſe or freedom, but if the mo“ 
tion of the machine be uniform then (queſt, 150) P= $ w, when ib 
performs the greatelk effect. | I 

Dueftion 25,5. If the breadth of a houſe be 24 feet, what muſt bs 
the height of the roof above the caves, that water &c. may be the 
lealt time poſhble in running down it ? | 

Let IH (fig. 146)= t 2 feet, half the breadth of the room, and AI 
the height of the pike, A H being the ſlope of the roof, put e = line 
L1H 4, the inclination of the roof with the horizon, which is alſo 
= fine LIBH, becauſe LBHA=9e?. Let a = 12 IH, and d 
= 16 feet, the deſcent of gravity, then (by theo. 172) HAB will be 
as the ume of falling down A H, therefore by trigonometry, VI - ee 


| . | HK - wn 2 
r ne 
1: radius 11: 2 A B, but as e: 1 ſecond: : r ABt 
8 e: i— ee: 


dime of falling throꝰ A H, which by the queſtion 
c 1—ce | 

mult be a minimum, ſo (by theo. 148) we have e V LIES natural 
fine of 450 whence 41 muſt be =1 H, = 12 this is alſo evident (by 
theo. 172) for ſince the times of falling down AB and A H are equal 
theſe times are leaſt when AB is leaſt in reſpect of I H, and that will 
be when 1 H is 1 AB. ; | 

9reſtion 256. What mult be the inclination of a plane with the ho- 
fizon, that a heavy body ſliding, or rolling down it, may ſtrike an ob- 
jet with the greateſt force poſſible, the object being perpendicular to 
the horizon? Pig. 168. | 

Lete = fine L C AB, which the plane C A makes with the horizon 
AB, radius = 1, then Hil- ee = fine L A GH let AP be the ob- 
ltacle perpendicular to A B, now (by theo. 157) if G A expreſs the 
force of the keavy body, then H A, will be it's force againſt the obs 
ſtacle P A, but (by theo. 170) the velocity, or force G A, is as 4/G H, 
or as /e; therefore, by trigonometry, as radius 1: Ve (A6): 
Vi ee: (ineLAGH):Vexwy:1i—ce:=4/:e—ceec:; = 
the force in direction H A, now if this expreſſion be a maximum, then 
(by theo. 148 ) e—3eee So, or e + = natural fine of 
35 16' for the LG A H, as required. | 

Queſtion 257. A beam B a (fig. 156) is to be ſupported in a given 
poſition (La BP) by a prop Cm, of a given length, inſiſting on a ho- 
#%Zontal beam B A ſupported at its ends A and B, what mult be the 
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polition of the prop C m, ſo that the beam A B on which it ſtands may 
be the leaſt ſtrain'd, the beam being of equal thickneſs ? 


Suppoſe B n perpendicular Cm, then (by theo. 191) the ſtreſs ot 


I 
Bn 


ing to break A B in m, will be as ., but (by art. 298 ) the 
B m 


ſtrength of B A in m, is as __._]_____ (ſtrength being inverſely 28 
BmxAm 


preſſure upon the prop C m is as and therefore the force tend- 


WM is to 


ſtreſs), whenee as 
B m NA m Bm 


the queſt.) this ratio 1 to Am viz. A m is to be a minimum, conſe. 


quently B m mult be a maximum, but B m is to fine LB C messen 
is to fine . C B m, whence B m is greateit when fine L B Cm is ſo, 
and that is when it is 900, or the prop Cm is 4 to Ba. 
Dueſtion 258. What is the {ide (a) of a cube of wood, which 
ſwimming in freſh water is 1 inch (e) above the water's. ſurface, but 
in ſea-water 2 inches (z) dry, or above the ſurface ? 


—ä —V—— 


Here aa „ a e = the wet part in freſſi water, and a a x a — 2 


the wet part in ſalt water, and (by art. 338) 100 aa x a—e = 


lo a a x a 2 (100 being to 103 as the denſity of freſh water to 
that of ſalt water), which reduced gives 3a = 103 z — 100e=206 
— 100 = 106, ſo a = 106 + Z= 35 + inches anſwer. 


Queſtion 259. If an upright veſſel conſtantly filled with water 9 
inches deep, have a hole at the bottom which runs at the rate of 3 
gallons per ſecond, what length muſt a tube be, fixt to the hole and 
of the ſame bore therewith, that the water voided at the tube's bot- 
tom may be 4 gallons per ſecond. Becauſe the diameters of the hole 
and tube are equal, the quantity of water voided will be as its velocity 
at the hole and tube (viz. at the top and bottom of the tube, which velo- 
cities being as the I root of the heights fallen thro, it will be as 3 gall. 
is to 3 (ſquare root of g inches the water's ſurface above the hole) ſo 
is 4 gall. to 4 (the ſquare root of 16 inches the ſaid ſurface above the 
tube's lower end) ſo 16 — 9 = 7 inches the tubes length anſwer, 

Hence it appears that a veſſel will be ſooher emptied thro' a pipe 
at the bottom, than thro” a hole there &c. 

Oneſtion 260. If a cannon ball in latitude 549 be projected direct 
ly upwards to the height of 2640 feet, where will it fall? Fig. 229. 


ſo is 1to A m, but (by. 
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. The time of the balls aſcent and deſcent being equal it will be as 
16.1 feet: II i ſecond: : 2640 feet: 163,98, whoſe ſquare root 
doubled, is 25,6 ſeconds the time ball is ir. motion, now in that time 
the cannon will be carried thro* a ſpace of 23666 feet; by the rota- 
tion of the earth about its axis, thus as radius is to co-line of any la- 
titude ſo is the ſpace moved by any point at the equator to the ſpace 
moved by a point in that latitude in the ſame time. 


2. Let E T B, be an arch of the earth in latitude 5̃ 30 q the earth's 
center, then if the ball is projected at E, the point E in 25,6 ſeconds 
will be carried to 3, over the arch EB = 23666 feet, now the ball 
(carried by a motion compounded of the earth rotation and us pro- 
jectile motion) will deſcribe an ellipſis whoſe focus is at q, and bodies 
in motion deſcribing equal areas in equal times, the elliptic area EA tꝗ 
= circular area E T B q. ot area t A E t g area t q B, but betauſe 
TA is very ſmall in teſpect of E ꝗ t q, the area t AE t, may be 
taken for that of a parabola, ſo let b = Eq = 21000000 feet, the 
earth's radius, d 23666 = E B, h=T A = 2640 feet, 2 t B 
the required diſtance, then ba h NE: da:, ſo 3ba g 4h d 


Aha, whence a = 4 — , nearly = 4hd = 3,967 feet that 


b+4h 
the ball will fall weſterly from the gun, becauſe the earth moves eaſt - 
erly. 

3. But if the ball were ſuſpended in the air directly above the gun 
de. at the height of 2640 feet, and there let fall, (ſuppoſing it to fall 
16,i feet in the firſt ſecond of time, and the earth to be a globe &c. 
25 before) it would {trike the earth at 4 of 23666 feet weſt of the gun 
&. becauſe in this caſe the ball would not be affected by the earth's 
motion as when projected from the earth for then the earth's motion 
is communicated to it before it be projected, and ſo conſequently it 
muſt move by the joint effe& of theſe two motions or velocities, 


The 32 following queſtions ſhews the nature of circular motion. 


Queſtion 261. Whether will a fling be more ſtrain'd, in whirling a 


ſtone about at the rate of 2, or 5 feet per ſecond ? 


Let CAS C Q = ta the length of the ſling (fig. 228) v= 2 


and u = 5, and one end of the ſtring faſtened to the center C, with 


with the ſtone at A the other end of it, then if the {tone (being at reſt) | 


vere [truck by any power or foree it would move in a right line as 
AH, were it not for the ſtring which pulls it out of the ſaid line or 
tangent, a diſtance E Ad, and ſo cauſes it to move thro' the 
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arch A E, inſtead of the diſtance A H, and thus the ſtone conſtantly 

endeavours to fly off from the center which is called the 3 
force, with this force it acts on the center C, and this is called the 
centripetal force, theſe two together are called the central forces of 
the revolving body, alſo A H the {pace which the body A moves thro 
in a conſtant particle of time by an uniform velocity is calicd the pro. 
jectile force, or velocity of the body, and if this A H be luppolcd very 
{mall then the arch A E or its chord are each equal A H, join vt, 

ſo wil the A Q E A be a right one and by ſimilar As, as 4 Q (a) 


AE::a8:D ED Ad, the ceatral force, whence, 1 Ak= 
a 


the projectile force =u = 5, or = v == 2, then we have as : 
ö > a? 


that is, as uu: vv, or as 25 : 4 : : the ſtreſs on the ſtring when the 
ſtone moves at 5 feet, to its ſtreis when the velocity of the (toe is at 
the rate of 2 feet in the ſame time, thus the greater the central force 
ot the more the ſtring is {train'd, the faller the {tone is whirl'd about. 


Preftion 262. What mult be the velocity, and time of one revolu- 
tion (called the periodical time) of a body moving round a circle when 
its central force is double to its gravity, t he circle's diameter being (a) 
60 feet? 

Let P =the — time, v = the velocity and f = the central 


Ca 


force, c = 3,1416, then (per laſt queſt.) as AE: 1 ::ca * 
P, the time of deſcriding 3 1 1 cirele, the 8 being uniform, 


therefore P 3.14162 __ , whence v = _ fovy = © — 
1 EE" 
but f == < . —.— or fis 


'& & PP 
7 2-(becauſe c c is conſtant) hence f is as — andas g. that 1s, the 


i>Y force is directly as the ſquare of the velocity and inverſely a9 
the ſquare of the periodic time in the ſame circle, and therefore PP vy 
AE > 4 or 9 St the 


Daa, or Py == 2, again, as ca: P:: AE: oy 


C a 


time of deſcribing A E, and (per falling bodies) as (7 I ſecond is to 
16,2 ſect ſois (tt) . tothe diſtance fallen in the time t, by tt 


c ca a 
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force of gravity, hence 2. O2vv PP... 16,2 PP 


| 33 
a cc 4A C 42 
:: 16, PP: cca: : PP: 0,615 a :: the central 


6,2 PP 

I , . 
force, to the force of gravity, now by the queſtion, 2 PP = 0,615 x 
60, ſo P V 18,45 = 43 ſeconds (nearly) for the time of one re- 


rolution, and as 4,3 ſeconds : 60 x 3,1416 :: 1: » 4348 feet per 


ſecond anſwer. 


9»e/tion 263. If a pendulum 3 feet in length be made to deſcribe 


2 conical ſurface, what mult be the diameter of the cone's baſe deſ- 
cibed by the bob, whea the pendulum makes cach revolution in one 
ſecond of time ? : 

Let vA B (fig. 127) be the length of the pendulum, AB=a, 
the diameter ſought, v D = h, the cone's height, c and P, as per laſt 
queſt, now as the bob, or revolving body, endeavours to leave the cen- 
ter D, by the central force in direction D A, it is compelled towards 
it by the force of gravity in direction parallel to v D, but by the laft 


queltion, che central force is to that of gravity as — : 1, there- 


16,2PP 
brew © f f (DA): h GD) fa, or 
16.2PP 16,2PP 


16, PSD ech, and (per falling bodies) as [J 1 ſec. : 16,2 feet: : 


jendulum, which call d then from the two laſt equations we have d 


16,2 PP = 2cch, fo h = 4 =». = 0,32 feet = 
2 CC 19,72 oY 


Dy/:OvA—QvrD:=DA= 2,9 fere, fo AB=a= 5,8 
ket an wer. | 

Note. By the queſt. the diſtance d muſt be == 16,2 feet, being the 
liltance deſcended in the given time one ſecond. 

9:eftion 264. If a pendulum be made to deſeribe à conical ſurface, 
Whote axis is to its diameter as 9 to 2 (hto a) in what time (P) will 
tte pendulum make one revolution? 


From the laſt queſt, we have 16,2 P P=2cch, ſo evi : 


=3,14164/: 1,1111 : = 3,1416 X 1,05 = 3-3 ſeconds nearly, 
aner. Let the diameter (a) of the cove's baſe be what it will, P 
Vil be equal 3,3 ſeconds nearly, it the Aris h be == 9 feet, as is plain 
y the laſt queſtion, 


PP:16,2 PP, the diſtance fallen thro? in the time of cne revol. of the 
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DPueftion 265. If a pendulum 3 feet long (4 a) be whirled about ig 
(P) 2 ſeconds of time in a horizontal direction, what is its gravity tg 
its centrifugal force ? | 

1. As [7 1 ſecond : 16,2 feet : ::[7] 2 ſeconds : 64,8 feet, the fore, 
of gravity generated in the time P of one vibration of the pendulum, 


and (by quelt. 262) = is = the central force, ſo by this queſtion 


as 64,8 : (>) 6x0 7—⁵.— 14,78: : 162: 37 nearly, ::grz- 


vity : central force, that is, if the pin on which the pendulum hangs, 
be pulled with a force of 37 in direction of the pendulum, it vill be 
pulled by a force of 162 downwards in direction perpendicular to the 


horizon, &c. | 

Qucſtion 266. If a pendulum, or cord 2 feet long = a, with its 
bob, or ball 3 ounces weight = w, be whirled about in half a ſeconds 
time == P, ſo as to deſcribe a circle whoſe radius is the ſaid cord, with 


what weight or force f, will che cord be ſtretched ? See queſt. 262, 
CCa 0,6152 


— — 


16,2PP PP 
== (becauſe a here = radius) 2 therefore, when gravity , 


1. When gravity is I, the central force is = 


the central force f = 223 — 122K. — 29,52 our- 
PP 0,5 X 0,5 


ces anſwer. 

Dueſtion 267. If a cord 2 feet long (a) with the weight of its bob 
3 ounces w,) be whirled about ſo as to deſcribe a conical ſurface in 
half a ſccond of time (P), with what force (f) will the cord be ſtretch: 
ed? See queſtion 263. . 

1. Let h = the axis of the cone, r = the radius of its baſe, then 
gravity being as h, and the central force as r, the tenſion mult be is 
a, the ſide of the cone, or length of the cord, now 16, 2 PP =2ccb 


| I 
we have 1,1864/ hg P =, or2,3764/h=1, ſo h 57665376 


== , 1767, then as h: W:: aK = 


fion required, in ounces. 
2.4/:aa—bh:= 1,93, whence in this caſe, the ſtreſs on the 
in to which the cord is faſtened in theſe 3 directions, viz. of the cords 
perpendicular, and parallel to the horizon, are as the numbers () 


(h) 0,1767 (r) 1, 93. 


© —-„— x RN Fred 


| o 
3. If a= 39,12 inches = 3,26 feet, the length of a ſecond's pen- 
dulum, and we put gravity 1 = 5 - * we'll find P: 4,0098 : 


= 2 ſeconds, fere = the time the pendulum mzkes one revolution, or 


two ſwings, then 223%. =f= (when a = 3,26 and P=2) 
PP | 


the force of gravity, and hence, if a pendulum is. any how moved by 
ra · gravity alone, the ſtreſs on the pin to which the pendulum is faſtened, 
is only that cauſed by its own weight the ſame as if it were at reſt. 


the earth, be 42000000 feet (a in what time mult the earth make one 
revolution about its axis, that all bodies there may loſe their weights, 
and be as liable to fall off as to abide thereon ? 

This muſt be when the forces with which bodies cleave to, and re- 
cede from the periphery of that circle are equal, viz. when gravity 
is = centrifugal force, ſo (by queſt, 262) P P = 0,615 a, therefore 


P=4/0.615a = 5083“ or = 84 43“ anſwer. 

9ueſtion 269. What is the centrifugal force at the equator to the 
power of gravity there allowing the diameter of that circle to be 
42000000 feet (a) and the earth to turn round its axis in 24 hours or 
68400 ſeconds (P) ? 

1. (By queſt. 262) As PP: 0,615 a : : 289 : 1 nearly, :: gravity 
: centrifugal force anſwer, But in other latitudes, fee the follow- 
ing queſtions, | 

Queſtien 270. If at the equator the gravity be to the centrifuga 
force as 289 to 1, what will it be in any other latitude ſuppoſe in the 
latitude of 600 (ſig 228)? See queſtion 124. 

Since the time of revolution of a body at the equator AQ, and 
any parallel of latitude b B, is equal, it will be (by queſt. 262) as cen- 
triſugal forceat A Q: that at bB:: — : 2 :: AQ: bB, 
| let a AQ, c= 2 b B, and f = 444 = centrifugal force at 


AQ, then by this proportion we'll have == centrifugal force at 


Bb, but in any latitude b B, becauſe the direction of gravity is always 
towards C, the earth's center, therefore the centrifugal force is not 
(as at the equator) oppoſite to the whole gravity, for produce a B the 
direction of the centrifugal force to D, and B C the direclion of gra- 


* * Gg 


— 
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Ch Queſtion 268. If the diameter of the equator or greateſt circle of 
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vity to F, from D upon C F let fall the L DF, then if BD be the 
whole centrifugal (f) force, we have B F for that part of it which agy 
directly againſt gravity, and by ſimilar As, as B F: B D:: AB: BC 


=E C, therefore as a: c:: cf : <= F the centrifugal force at 


Li 


B b oppoſite to gravity, whence if a = radius —= I, then c =0,5 = 
co · ſine Jatitude 600, then as aa: cc:: f: F, chat is, as 1: 0,25 ;: 


rn 3 centrifugal force A Q to centrifugal force at ; b, 
289K 4 | 


which oppoſes gravity there, Hence, as (cc) the ſquare of the co- 


ſine of any latitude is to 289 ſo is the centrifugal force, to the gra. 
vity there. 

Queſtion 271. If the force of gravity at the equator be 1, what will 
it be (G) at the poles, it being proved by obſervation that a ſecond 
pendulum at the equator, is 39, 1 inches long, and at London, 39,2 
inches? Fig. 228. | 

Produce CF to G, and draw G D perpendicular Da, then if BD 
be the whole centrifugal force at the equator, and B G the whole 
decreaſe of gravity cauſed there by it, and ſince (by the laſt queſtion) 
in the latitude B, the centrifugal force which acts directly againſt gra- 
vity is F B, the line F B will alſo expreſs the decreaſe of gravity in 
the latitude B, ſo the difference G F will be the increaſe of gravity at 


B, fo by ſimilar As as BG: FG:; BG: DG:: BC: 


a C:: O radius: [7 fine latitude at B,: : decreaſe at equator : in · 
creaſe at B, now (by queſtion 116,) the gravities at places are as the 
lengths of pendulums vibrating ſeconds there, that is, as 392 : 391 :: 
gravity at London : gravity at the equator, and by the laſt proportion 
as 1 (O radius 1) : ,6131 ( fine latitude 510 32“) :: G— 1 (de- 
creaſe gravity at equator) : ,6131G — 0,6131 (decreaſe of gra- 
vity at London) to which add the gravity at the equator 1 and we 
have 0,6131 G +0,3869 the gravity at London, ſo as 392 : 391:* 
©,6131 G + 0,3869 : 1, whence G = 1,0043 &c. for the gravity at 
the poles, N and 8, that is, as 229 : 230, or nearer, as 689: 692 :; 
gravity at equator : gravity at poles ; :: leaſt gravity on the earth's ſur- 
face to the greateſt thereon. 

Qieſtion 272. If any two equal bas'd cones of earth &c. with their 
vertexes in the earth's center, and baſes in its periphery, be in equilid. 


with each other, what is the equatoral diameter A Q (fig. 228) to 


the axis NS, allowing the earth to revolve in 24 hours about NS? 


The centrifugal force being greateſt at A, or Q., and nothing at 
N, or 8, and this force acting at A, direclly againſt gravity whole {cat 


. — 


— — r I „ = tﬆt 


* as. a. > a a a ASD 


, 


AND MECHANIC. 235 


of action is at B, its plain, that a column of particles C A, muſt be ſo 
much heavier (viz. ſo much longer if the matter is the ſame) as to 
make up that part of gravity loſt at A, by the centrifugal force there, 


which force does not alter the column of particles C N. M hence (and 


by the laſt queſtion) as 689 : 692 :: the axis NS: diameter AQ, 
which proves the carth to be an oblate ſpheroid flattened at the poles 
Nand 8, and rais'd at the equator, or middle A Q, and ſince A 
is about 8000 miles, it will exceed NS by about 35 miles? See 
queſtion 274. 

Oneftion 273. If the earth were not to revolve about its axis, whe- 
ther would pendulums gain or loſe time, and how much per day in 
the latitude of 54 30/, ſuppoſing the earth a globe? 


If e = the natural co- ſine of the latitude 549 307, then (by queſt, 
269) if the grevity at that latitude be 289. the centrifugal force there 
will be c c = 0,33721249, fo 289 — 0, 33721249 = 288,6627875, 
that is, if 289 be the gravity when the earth is at reſt, 288,6627 &c. 
will be the gravity when it revolves in 24 hours in latitude 549 3o', 
now (by queſtion 116) the lengths of pendulums being as the gravities 
and the vibrations as the ſquare roots of theſe lengths it will be, as 
7288,6627875: 4/289 :: 86400 (ſeconds in 24 hours, earth being 
in motion): 86451,83 (ſeconds when the earth is at reſt in 24 hours) 
ſo the difference 5 1,83 ſeconds is the time gain'd per day. 


Nueſtion 274. Whether or no is it likely that the earth is of anuni- 
form denſity throughout ? 


1. The earth at the creation being in a fluid ſtate, it is reaſonable 
to ſuppoſe that the heavieſt matter ſubſided firſt, according to the laws 
of gravity, and therefore that the earth is more denſe and compact the 
nearer we go to the center; whence it follows, that the centrifugal 
force (queſt. 269) may be ſomewhat more than 289 viz. becauſe there 
are more particles between the equator A, and center C, (tg. 228) 
than there would be if the earth were of an uniform denſity as is there 
ſuppoſed, therefore (queſtion 272) 689 : 692, is nearer the ratio of 
S to AQ, than that of 229 to 230, and alſo anſwers nearer by ex- 
periments and this is the form of the earth, as ſettled by Sir IS AAG 
NewToN, 

Question 275, Whether or no doth bodies near the earth's ſurface 
gravitate in directions, that paſs thro” the earth's center? 

1. Its evident, that if a heavy body be let tall any where near the 


earth's ſurface, it will ſtrike the horizon perpendicutarly, now the ho- 
on 18 a plane or tangent line, touching the ſurface in the point where 


the body ſtrikes it, and therefore the earth being a ſpheroid, this line 
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or direction of the body being at right angles to the tangent in the 
point of contact with the curve, would not paſs thro* the center, ex. 
cept at the equator and the poles, for at thoſe places the ſaid tangent 
is at right angles with the diameters of the generating elliplis, Hence 
in any other place, ſince the earth's center is the center of attraQion 
to which all bodies from its ſurface would fall (if not interrupted,) it 
follows that the path is not a right line but a curve to which the line 
of direction of the body is a tangent, to the point where it would firlt 
begin its deſcent, 8 

Queſtion 276. If the direction of a falling body in latitude 450 were 
continued thro” the earth, how far from the center would it cut the 
axis, the equatoral diameter being about 8000 miles, and the axis 
7995 miles? 

1. Let E be the given place (fig. 229) in latitude 459, b E the di- 
rection of the body at right angles to the horizon H O, which b E 
produced will meet the axis NS in G, now LO Hs is = 459 the 
latitude, ſo LEG H will be = co- latitude, whoſe natural tangent 
call t, to the radius 1, let c= Ns and a = the equatoral dia- 


— 


meter QA, and e =NF, allo, put — == 2 Z, then, by the property 


of the ellipſis FEE ZV: 2ce—ce: and FG= zz X:c e, 
but by trigovometry, as Radius 1 :t LEPF::FG:FE, fotzz 
X:C—Ce;=ZyH#:; ace - ee, or tz x: c- e: V zce— ee: 
which ſquared is t t z z: & cc -c tee: g zce - ee, by tran- 
ſpoſition tt z 2 cc g ,j47402ttzzce - ee tt zz ee gzsce 
— bee, by writing SS ett z z and ba- i- ttz z, which 
equation by compleating the ſquare &c. gives e = © +v/ : . 


| ———— : = NF, but the ſolution will be eaſier if we put e= * 


FC, and a, c, z, t, as before, for then we'll havettzzee = cc ee, 


foe = ———— = 1 = 3992.5 = 2807 F C, 
V:tzZz+1:" 1H: 1,909+1t; 1,419 

now FG—FC=zze—e =2843 — 2807 = 36 miles = CG anſ. 
Qucſtion 277. In what latitude will a right line drawn from the 
point of ſuſpenſion of a plumb line and continued thro? the earth's cen- 
ter, make the greateſt angle poſſible with the ſaid plumb line, ſuppoſ- 
ing the equator diameter to the axis as 230 to 229 ? 

Let the point E (hg. 229) be the required place, ſo will E G (being 
＋ horizon H O) repreſent the plumb line, join CE, ſo is LC EG 
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that made by E G and a line E C paſſing thro? the earth's center, let 
2 C F, and make it SC: CA:: 1214 (iz. : 01: 


1 then (by the properties of the ellipſis) EF =4y/: 1-4 0343 1—ee: 
114.5 
and F G=e ++ ne, therefore CE=4/: U FETU CF 


Min- nee: and GFS :x: 1+nce: then by ſuni-. 


ne Vi- ee 


v: 1 4mect 


21 As, as G E: F E:: CG: Cy (Cy being LEG) = 


2 2 u which by the queſt. muſt be a maxi- 
inte x Vin nee > 
mum, and then e will turn out / 4 = ,7071067 = CF, whence 
FG=: 1+n:xce=4.713328, FE= ,7101241, CE=1.0021857, 
Cy = ,0043878, Ls FEG 45* 7 2397, EGF = 44 52 21% the 
co-latitude and CE G = 15 3“, the angle of the plumb line, inlati- 
ade 45 7“ 39“. | 

Oneſtion 278. In what time at the equator would a body by the 
force of gravity, fall freely from the ſurface of the earth to its cen - 
ter ? 

Becauſe (ſee queſt. 268) when the earth revolves in 84 43” time, 
the power of gravity is thereby deſtroyed, it follows that while the 
earth would at that rate make + of a revolution, that a heavy body 


would fall from its ſurface to its center, therefore 84 43” + 4=21 
11” anſwer, 


Dueſtion 279. If the axis of the earth be 7940 miles, and the dia- 
meter of the equator 7974 miles, in what time (in latitude 459 14 ) 
would a heavy body by its own gravity freely deſcend in a-right line 
from the earth's ſurface to its center? Fig. 229. 

Let c CN, ag CA, CF=e, F=21' 11”, the time of deſcent 
at the equator and t = time of deſcent from E the given latitude along 
EC, which mult alſo be = x the time of revolution in the circle whoſe 
ndins is C E, (ſee the laſt queſt.) now the force being inverſely as 
tte diſtance from the center, it will be as CA: CE : : force with 
aich the body deſcends from E, to that with which it deſcends from A, 
rhich forces are as the centripetal forces, and becaule (by quelt, 262) 
a 
p=t, oP =>, it will be as 4/ GA i . 22 ＋ 

| . CE C A 


ad by trigonometry as CE : Cy: : radius 1: fine LC EN N 
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: t, but by the property of the ellipſis, — X:cc—ee=ſ[JEF,fp 


— 


DEF TCF CE, thatis, aa s 
＋ then CE Via — dee: whence the laſt pro- 


put d 2 
CC 
"WY deen Tee, 
portion comes, as 2 — d eeſa WA 221: 3 


S tg 20 11“ anſwer. 
Note. I here take the ſurface of a ſpheroid, to be the fame with 
that at the ſurface of a globe, for the difference is very ſmall. 


Queſtion 280. It is found by obſervation that the moon revolves a- 
bout the earth in nearly 27, 3 days, and that her mean diſtance from 
the earth's center is to that from the earth's ſurface as 60 to 59, now 
if for the revolving body or ſtone mentioned in queſt. 261, we place 
the moon, for the center we place the earth, for the centripetal force 
or ſling, the earth's power of Attraction, and for the projectile force 
the Almighty power of God at the creation, what will be the law of 


this centripetal force, 

1. A body (ſee queſt. 268) revolves at the earth's ſurface in 5083 
ſeconds, let P = 2362000 the ſeconds in 27,3 days the moon's perio- 
dic time, a = 60, half diameters of the earth her diſtance from the 
earth's center, the ſaid body at the ſurface being 1 of theſe half dia- 
meters from the earth's center, and put f the centripetal force = the 


nth power of the diſtance a, viz. fan = (ſee queſt, 262) _— then 


if n be taken So, 1, 2, —1, — 2, &c. we'll have P V, P = 1, 
„Pa, PP=a aa, &c. reſpectively, this laſt equation is the law 


9338 


Va 


of the whole planetary ſyſtem as conſtant obſervations have made out, 
viz. the ſquares of the periodic times are as the cubes of the mean 
diſtances, of any of the-planets revolving about the ſun, or of any of 


their moons about them, thus, in this queſtion, as cube of 1 : ſquare 
of 5083 :: cube of 60: ſquare of 2362000, = 27,8 days, hence f 
an —a "Ii , that is, the centripetal force is inverſely as the N 


of the diſtance from the center, 
Queſtion 28 1. How high above the earths ſurface muſt a body go01b 


weight, be raiſed, to weigh only 300 Ib, the earth's radius in that 
place being 3980 miles (d)? | 
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Let e = therequired height above the earth's ſurface, then becauſe 
(by the laſt queſt.) the power of gravity is inverſely as the ſquare of 


the diſtance, it will be as 300: 400, or lower as 3:4::aa:;a+e| N 
ſo a Te gaXT VI = 3980 Xx 14596 — 3980 = 616 miles 
anſwer. 

Queſtiun 282. If a ball 41b weight at the earth's ſurface be carried 
up in the air fo high that it weighs but 31b, with what velocity would 
it begin to fall, and what would its velocity be at the earth's ſurface, 
gravity at that place being 16,4 feet in the firſt ſecond. 


Let a =the earth's radius (3980 miles) in feet, c = 24266880 feet, 
in 4596 miles the height of the ball (by the laſt queſtion) above the 
earth's center, e = any diſtance at fiſt deſcended from that height, 
now the diſtance deſcended in the filt ſecond of time being as the 
gravity or weight at that place, it will be as 4 : 1644 :: 3: 1275 
ect = d, the diſtance fallen in the firſt ſecond, from the height 616 
miles above the horizon, therefore X d =the uniform velocity at that 


place, ſo (by queſt. 280) 5 0 c : 2d 22 ce 112 e 
C—C 


velocity generated per ſecond by falling thro' e, and therefore, the 
yelocities acquired by falling thro'e, 26, 36, 4e, &c. vill be 1, 2, 3, 4 


c. to v, ſo (by theo. 86) © =2T<© andy= Les, nou 
ee Vice: 


if e be taken = 3252480 feet in 616 miles we'll have v=24/; — 


= 13310 feet per ſecond anſwer. 

DPueſtion 283. Things being as in the laſt queſtion, in what time 
would the bali be in falling io the ground, the ſaid ball, here as in the 
laſt queſtion, being ſuppoſed to meet with no reſiſtance, but to fall 
freely in vacuo ? 

Let v, c,d, and e =as in the laſt queſtion, then as there we have 


2dcc 
for the expreſſion generating the velocity v, and the velocity 


being inverſcly as the time, therefore from v = 2 : dce , well 


C — 


havet +24/: 300 : 2%: ——— — forthe 
C—EC dce Sy CER. 


expreſſion generating the time t, which may be put into a ſeries &c. 


* 
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by theo. 86, or multiplying it by LEE, it becomes 
-e 2 L d 


C — 


n ce ee 


arch whoſe verſed fine is 2 e + c, we'll havet =44/ — X:S+a: 


„ Whence, if radius = 1, S the fine, and a = the 


now v — = 1418, and * o, 26795, anſwering to an arch of 
42? 56“ whoſe length is o, 494, and that of its ſine o, 68 11, hence, 


2222 X 1418 = 507 ſeconds 8“ 27” anſwer, 
4 

Queſtion 284. If a ſolid foot of ſome ſort of metal weigh 1000 lb, 
(b) at the earth's ſurface, and a cylinder of that metal 3252480 feet 
high (e) and baſe 5 feet area (A) be ſet upright on the ground, what 
weight (w) will it weigh, the earth's ſemi - diameter at that place be- 
ing 21014400 feet (a)? 

1. The weights of bodies being inverſed as the ſquares of the dif- 


tances from the earth's center, (ſee queſt. 280) and b A being as the 
— — 
weight at the ſurface we have as a + e| : bA:: aa: 22 2 the 
| are 
expreſſion generating the weight, now this expreſſion b A x SS: 
3s a +e| 
compared with what is done in prob. 185, part iſt. will give d A x 
2©_ = w = 84440000001b nearly anſwer. 
are 
Queſtion 285. Required the weight of a cylinder ſet perpendicular 
to the horizon, whoſe baſe is 3 feet area (A) and height (e) infinite, 


and a ſolid foot of metal of that cylinder 1000 Ib (b) at the earth's ſc 
_ ſurface, the earth's ſemi · diameter at that place being 21014400 
feet (a) ? L 
1. From the laſt queſtion, we have w = b A x — =bAax A 
| = ( 
, now if e be taken infinitely great, then a in the factor WS * 


Are a e 
may ſafely be taken o, becauſe an infinitely great quantity, cannot 
be made more by addition or leſs by ſubtracting a finite quantity from 
it, and therefore f = . 2 — = 1, whence W = bAaz 
a e ore 8 
63043200090 lb anſwer. , 
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Oueſtion 286. If a heavy body fall from an infinite height (freely 
as in vacuo) to the earths ſurface; what velocity will it have there? 

Let a= 21014400 feet the earth's radius, d = 16+ feet, the force 
of gravity there, viz: the diſtance freely fallen thro” in the firſt ſecond 
of time at the earth's ſurface) e = the infinite diſtance of the body 


above the horizon, then (ſee queſt. 282) as a + Ty :2d :: ant 


— 1 which (ſee the laſt queſt.) gives the velocity V =24+/:daX: 


a+e| 

af : ©: 2yda= 36768 feet per ſecond anſwer. Hence the ve- 
a +ec 

locity of any body, acquired by falling to the earth's ſurface can ne- 

ver exceed 36768 feet per ſecond, be the body ever ſo heavy, fall ever 

ſo far and with all the freedom poſſible. 

Dreſtion 287. Where muſt a tub of 20 inches diameter, be placed 
to hold the molt liquor poſſible, and how many ale gallons will it hold 
more at that place than at the earth's ſurface ? 

1. The figure of the earth, viz. land and water being nearly ſpheri- 
cal, and by reaſon of the earth's largeneſs, a veſſel 20 inches diameter, 
viz. the area of ſuch a diameter may at the earth's ſurface, be looked 
upon as a plane, and fo to hold no liquor, but this plane being placed 
at the earth's center, and liquor poured upon it, there the liquor will 
riſe to the form of a half globe before any of it run off, ſo (by ex. 294) _ 
928 gallons, ſuch a veſſel would hold more at the earth's center than 
at its ſurface, anſwer. 


Queſtien 288. Required the ratio of the diameters, and bulks of the 
ſin, earth and moon ? Fig. 230. | 
1. Let E be the earth, m the moon or any other planet, then is the 
Im E d, the moon's apparent ſemi- diameter, as ſeen from E, the 
earth's center, and would be the ſame if ſeen from its ſurface at D, 
(the moon being in the horizon) becauſe D E || d m, this C by obſer- 
vation, at a mean diſtance of the moon from the earth, is = 1876,5 
half ſeconds, and (by queſtion 280) the diſtance E m is found = 60, 
ſo by plane trigonometry as radius 1: t Ld Emg38,25” f: Em60 
d m 0,27523, parts of the earths ſemi-diameter becauſe E m is 60 
of ſuch parts, therefore as 1 : 0,27523 : : the earths diameter to the 
moon's diameter, which is nearly as 109 : 30. Again, if we ſuppoſe 
m to be the ſun, the Ld E m is found by obſervation, = 16' 6“ the 
ſun's apparent radius; and (by quelt. 280) Em, the diſtance between 
the ſun and earth will be found = 20000 fere, ſemi-diameters of the 


* # Hh 
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earth; therefore, as radius 1: tangent LdEmi16' 06" :: Em 20000 
d m 91;47. ſo as 1: 91,47, or nearly as 109: 10000 : : theearth's 
diameter: the ſuns, otherwiſe, let R 3864, half 11 and r= 3753 
half ſeconds the apparent diameters of the ſun and moon, A locoo 
and a = zo, their real diameters D 20000 and d = 60, their diſtan- 
ces from the earth, then becauſe any body appears larger the bigger 
it is, and leſs the further it is diſtant, we'll have as DR: dr :: A: a 
&c. hence, their diameters are as 10000, 109 and 30, and their bulks 

as 10000, T0 and Fol anſwer, 

Note. L DmE is called the horizontal parallax of the planet, and 
is the earth's apparent radius as ſeen from the planet at m, this L at 
the ſun is about 105/” but at the moon at a mean is 60', and may be 
thus found, as m E the diſtance between the earth and planet: DE, 
the earth's radius: : radius 1: tangent (Dm E. 

Quoſtion 289. Required (Q to q) the quantities of matter in the ſun 
and moon, their apparent diameters being 32 12“ and 31“ 165" 
(R and r) and diſtances from the earth D = 20000 and d = 60, and 
that the heights of the tides on the ocean, at the new and quarter 
moons are about as 6 to 4? Fig. 230. 

1. Any of the planets by their attraction will diſturb the waters or 
the earth (as alſo on one another if any water &c. be on them) but the 
moon by its nearneſs and the ſun by its largeneſs affect the waters on 
the earth the moſt, that by the planets being very ſmall on this earth 
where the ſorce of attraction is moſt from the moon becauſe of its be- 
ing ſo near to it, and is always ſeen to anſwer in the tides, in their 
conſtantly obſerving the moons fouthing &c. Now at the new moon 
its evident, the ſun and moon act jointly together, and at 900 diſtant 
againſt each other, ſo in the former caſe the waters riſe with both their 
forces (F ft, ) and in the b with the difference of theſe forces 
( F g) whence as F: f:: 1: 5: : force of ſun: force of moon» 
now e = DE, t = tangent LdEm = = half of 31' 1643”, and N= 
10000 the denſity of the ſun ton, that of the moon, then as t LdEm 


; radins 1 :: dm: Em, whence dt =d m, ſo m. ſo Jn] xn=adddrtt 


c q. Which (ſee queſt. 280) divided by d — d— el = Us m, gives 


ogddare. ndddttt ; 278 4e ee 
72 i —dd—2depce © ! 4h eck dd 


＋ &. for the force with which the moon attracts the — ſurface 
ate pain, from which raking - ud fs the force with 
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which ſhe affeQs the center E, there leaves nttt x: 2e + 3 Tc. 


& f which becauſe e is very ſmall in reſpect of d, we may leave — 


out and then en tꝰ & f, but t is as n, ſo enrrr oc f, and by the 


ſame way of reaſoning we'll have e R NF, whence as e N RSV: 
* 


'K R R 
1: 10000: 48911 :: denſity ſun ; den» 


enrs, or as NR*:nri::F:f, and therefore, as N: n: 


. ˖ 9 * 1 - 5 


— 2 
1 3864] 3753 
ſity moon, now, by the laſt queſlion, we have as DR: d:: A: a, 
A A3 a3 


whence 8 Rr: 5: — therefore as R3 : "MY 
P: f: : RN T5 e:. —; (forby art. 338, as 


D3 * D3 * 


AN: an:: 10000 * 10000: Jo] X 48911 :: 10000: 
,0013 : : quantity of matter in the ſun : quantity of matter in moon, 
anſwer. ä 

Note. From hence it appears, the forces with which the planets 
diſturb the earth are as the cubes of their apparent diameters, mul- 


tiplied by their denſities, or as the cubes of their true diameters mul» 


tiplied by their denſities and divided by the cubes of their diſtances, 
or as Q + D DD. 


Quęſtion 290. What are the denſities and quantities of matter in 


the ſun and earth. 

Let N = 10000 the denſity of the ſun, to n, that of the earth, Q 
19000 the quantity of matter in the ſun to q, that in the earth, D = 
20000 and d = 60, the diſtances of the ſun and moon from the earth, 
P = 365, 65 and p = 27,3 days their periodic times, if either the dif» 
tances or periodic times be given, (ſee queſt, 280) the other may be 
found, then becauſe the power of attraction is inverſely as the ſquares 
of the diſtances, (ſee queſt. 280) from the centers of forces, it wil be 


as — : +4 F: f:: force of ſun on the earth: force of earth on 
D D 

the moon, the earth being nearly at the center of the moon's orb, and 

the ſun the center of the Io s (and other planets) motion, but (ſee 


d Q 
ueſt. 262) as F: f: 1 hence, as F:f;; =: 12 
v ) PP pp D D 40 
D 


d DDD dd d 
— : — therefore as Q: :::: 10000: 0,1518 
FP pp | S2 D ” 


- 
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the anſwer for the quantities of matter, now let A = 10000 and a = 
109, the diameters of the ſun and earth, then (by art. 338) as I 2 


I. : N n:: toooo : 39539, the ratio of tlieir denſities ; in the 
fame manner, the quantities of matter and denſities in the planets 
Saturn and Jupiter are found, becauſe theſe two planets have moons 
revolving about them. 

Oieſtion 291. If 2 body weigh 1000 lb, at the ſurface of the ſun, 
what will it weigh at the ſurfaces of the earth and moon? 

Becauſe (by queſt. 280) the force of attraction is inverſely as the 
ſqu te of the diſtance, therefore, the quantities of matter in theſe bo- 
dies divided by the ſquares of their diameters, the quotients will be as 
the weights of bodies on their ſurfaces, ſo 10000 + [7] 10900, and 
$0512 — UU 109 and . 0013 30 are as 10000 and 431 and 146, 
that is, the body x00001b on the ſun, would veigh 431 lb on the 
earth, and 146 lb on the moon anſwer. From theſe 4 queſtions it 
appears, that if the diameter of the ſun be taken = 10050, that of the 


earth will be 109, and of the moon 30, and their ſolidities are as 


— — } a ä Y ys . 
10000| , 10y} and 30| , their quantities of matter as 10000 ,0512 


and ,0013, their denſities as 10000, 39539, and 48911. 

Note. If two meridian altitudes of the ſun, moon, or any ſtar be ta- 
ken by two perſons at the ſame inſtant of time about 694 miles afun- 
der, theſe altitudes will differ about one degree; hence, the earth 
being nearly ſpherical, and 694 miles make one degree on its ſurface 
it will be as 10: 69,5: : 3600: 25020 miles the earth's periphery, 
and as 22: 7: : 25020: 8000 miles nearly, for the earth's diameter, 
by which the diameters diſtances &c. of the ſun, earth, and moon may 
be had in miles from the foregoing ratio's. 

Queſtion 292. Required the ratio of the forces (F to f) of the earth 
and moon to produce tides at each others ſurface, their denſities being 
as 39539 to 3891 r which is nearly as 3 to 4, (N ton) and their dia- 
meters ſeen at each others ſurface viz, the moons apparent diameter 
and horizontal parallax as 16' to 60 (r to R)? 

r. In queſtion 289, we haveenrrr oc f, where e is as the dia- 
meter of the body acted on n the denſity, and r the apparent diameter 
of the acting body, ſo if A = the earth's real diameter to a, that of 
the moon's, then we'll have Anrrr cf, and a NRRR f but 


(quelt, 288) we have R: T:: A: 2 a. (becauſe D d) whence 
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as F:f::aNR3:Anmr3: = NR? : Anr*::NRR:nrr:: 


11: 1 nearly, i. e. the earth Wh raiſe the waters 11 times higher at 
the moon, than the moon can raiſe them at the earth, but its likely 
there are no waters in the moon becauſe no atmoſphere i is ſeen about 
her, for if any bright ſtar is ſeen near her it's light is not darkened 
which could not be if ſhe had an atmoſphere like our earth. 

Queſtion 293. How many miles from the carth's ſurface is the cen · 
ter of gravity of the earth and moon, (ſee prob» 197 and queſt. 291. 

1. Their diſtance being 60 of the earth's ſemi-diameter, and quan- 
tities of matter as „05 12 to ,0013, or nearly as 40 to I, (1) we'll have 
& 43 +1 ; 1 : : 60: $$ which multiply'd by 4000 the miles in one 
ri, Ye Lives 585 54 « miles, and 5854 — 4000 = 1854=LS(tig. 
230) E, being the earth and m the moon, 

2. Now ſince the earth and moon act on each other by attraction 
they muſt be always in equilib. upon this point L, which point mult 
be the center of the moon's orb. (and not E the earth's center) and 
ſo is that point about which the earth and moon reſolves to maintain 
their equilib. therefore L is that point which deſcribes the earth's 
orb about the ſun, whence the earth is ſometimes in her orb a a; and 
ſometimes out of it, but ſlill near it becauſe LS is but ſmall in reſpect 
of E m, but the center of the moon muſt deſcribe a much more irre- 
gular curve than that of the earth, becauſe it is at greater unequal diſ- 
tances from the ſun, for the ſame reaſons (not the ſun) but a point 
about o, & of the ſun's ſemi-diameter diſtant from its ſurface is the cen- 
ter of the ſolar ſyſtem about which the ſun and all the planets reyolve 
for if the ſun and planets in their orbs were all in one right line, this 
point would be their center of gravity, now the ſun being always very 
near this point, and its diſtance from it continually varying by the 
different poſitions of the planets, its motion about it muſt be very ir- 
regular whilſt that of the planets being far diſtant from it, will be 


nearly uniform and circular, 
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DEFINITION S 


AN D p 
rA NATION 8, 
of the Terms uſed in this WORK. 


Norx. P. ſigniſies problem, to be found in part iſt and 2d. A. 
article in part 2d. EX example in the fitſt 8 ſections of part 3d, 
And Qu. queſtion, in ſection th of the 3d part. 

0 


AB SCISS *- A. 292, 
Action, and ReadFiin, A. 234. 

Air, and its properties, A. 347. Qu. 178, 

Amplitude, A. 364. 

Angle, A. 129. ot incidence and reflection. A. 260. 

— of Trattion, the angle made by the direction of a power with 
an inchned plane, 

of inclinati;n, the angle an inclined plane makes with the 
horizon. 

— Acute, obtuſe, eblique, P. 120. 

Arches, P. 37, gothic, &c. 

Axir, A. 249. In geometry the ſame as perpendicular, 


Balance, Qu. 56. | 
Barometer, Qu. 178, 
Bell;:ws, Qu. 174. 
Baſe of a figure, denotes the line or {ide on which the perpend. falls. 
Brody, A. 235. | | 
Bridge, and butments, P. 37. 
Bodies immerſed in fluids, P. 199. 
* . 


Catenaria, P. 35. 

Celerity, A. 230. 

Center, the point in the midlt of a circle, ſphere, &c. 1 

of motion, magnitude, gravity, percuſſion, oſcillation, A. 340, 
and 241. 

Central &c. forces, Qu. 261. 

Chain, P. 229. 

Circle, and its parts P. 53, and 54, as allo P. 179, the periphery of 
every circle is ſuppoſed to be divided into 360 equal parts called 
degrees, every degree into 60 equal parts called minutes, each mi- 
nute into 60 other equal parts called ſeconds, and ſo on for thirds 
fourths, &c. 


EXPLANATION or TERMS. 2% 


Chord and Cord, is any right line O T O, Fig. 43, drawn within a 
. leſs than its diameter CA. 
one, a ſolid formed by the revolution of the baſe and hypothe nuſe, 
of a right angled triangle about its perpendicular, ſuch as a round 
ſpire ſteeple, P. 155. | 
Cinic ſectiaus, P. 188. 
D. 
Denſity, A. 236. 
Diameter is any right line C A drawn thro? the center of a circle, 
dividing it into two equal parts. Fig. 43. . 
Diagonal is a right line drawn in any fig. conneCting its oppoſite an- 
8s. dividing regular figures equally and irregular figures uncqually, 
o A D and AC are diagonals in Fig. 15 &c. 
E. 


Equations, ſimple, quadratic, adfected, their ſolutions, P. 171. 
Equilibrium, A. 247, 
F. 

Force, any thing that acts on a body to put it in motion. 

Friction, A. 242. 

Fruſtum, (A B E F, fig, 127) is the lower part of a cone or pyramid, 
when the top part is cut off, or the middle part of a globe, &c. 
when two equal and oppoſite ſegments are cut off, this fruſtum is 
called a middle zone. 

G 


Gravity, the weight of bodies relative, ſpecilic, abſolute, A. 238, 
H. 


Hege, of all kinds, A. 208. 
Hydroftatics, A. 312. 
Hydraulics, A. 313. 

l. 

Irregular figures, or Polygons are ſuch as conſiſt of unequal ſides and 
angles. b 
Irregu lei ſolids, ſach as uneven timber, craggy ſtone, & c. whoſe di- 

menſions cannot be taken. 
Impetus, is the force wherewith one body ſtrikes another. 


Leaver, or lever, a bar or pole to raiſe weights. 

Level, ſemicircle, theodolite, protractor, plane table circumferenter, 
&c. The inſtruments uſed in ſurveying meaſuring heights, levelling, 
&c. P. 129. alſo compt. ſupplement Ar. Co. uſe of Gunter's ſcale 
logarithms &c. definitions and inſtruments uſed in trigon. P. 120. 

Logarithms, conſtructed, P. 174. 7 

M. 


Mechanics, A 224. 

Mechanic powers are 6 viz. lever, ballance, wheel, ſcrew, pulley, 
wedge 

Motion, momentum, &c. P. 192. 

Moving force, any active force or power that moves a body. 


ä 
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+ 


Ordinate, A. 183. | 
1 ſwinging of a pendulum or other pendulous body. 
val, or ellip/is, an imperfect circle, &c. or the plane of the ſeftion 
ariſing by cutting the cone oblique to its axis for it and its dia · 
meters, as alſo the hyperbola, &c. fee P. 30, 32 and 180. 
P 


O. 


Parallelagram, or long ſquare, is a figure with two equal ſides and 
two equal ends, when the ſides and ends are at right angles the 
parallelogram is right angled, as doors, tables, &c. when the ends 
and ſides bevel, then the parallelogram is oblique. 

Perpendicular, is the ſho: teh right line that can be drawn from any 
point or angle to the oppolite ſide, and cuts it ſquare · wiſe or at 
right angles, 

Parallel lines are ſuch as are equi - diſtant in all their parts and if in- 
finitely extended would never either meet or converge. 

Point, is that which hath no parts, or the beginning of all magnitude, 
by the motion of which a line is generated or form'd. 

—— 4 line is underſtood to have length, but neither breadth nor 
thickneſs, the motion of a point in a conſtant direction, traces out 
a ſtreight line, 

— in a variable direction a curve, crooked, or mixt line. 

Periphery, or circumference, implies the circuit or compaſs of any 
ſigure or thing. | 

Perimeter, the tum of the ſides or outmoſt line of any body. 

Parameter, or latus rectum P. 181. 

Parabola, A. 185, P. 31. 

Property, equation or nature of any figure or curve, A. 186. 

If a ſemi - parabola be turned about its axis the inſcribed ſpace is # 
parabolic conoid, and if the whole parabolic curve be turned about 
its greateſt ordinate a parabolic ſpindle is generated. 

—— ne ſame reaſoning holds in reſpect to hyperbolic curves. Alſo 
if a ſemi - ellipſis be turned about the tranſverſe axis an egg-like ſolid 
is formed, called a right or prolate ſpheroid, but if half the ellip- 
tic curve be turned about its conjugate axis a turnip-like ſolid is 
generated called an oblate ſpheroid. 

P;ramids, are regular tapering ſolids, whoſe baſes may be triangular 
ſquare or polygonial, ending in a point perpendicular to the center 
ot the baſe, as a ſpire, ſteeple, &c. . | 

Priſns, are regular ſolids, clothed with equal parallelograms, (and 
may be triangular, ſquare or multangular,) the ends being equal 
polygons. A round priſm is called a cylinder, ſuch is a rolling (tone, 
a ſquare one is a cube comprehending, fix 2qual ſquare plains as a 
die. 


One bounded by 4 equal parallelograms, and two equal ends 
called a parallelopipedon. 


\ 
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Priſnoid, the fruſtum of a pyramid whoſe baſes are parallel bue 
diſproportional, if one baſe be an ellipſis and the other a circle is 
called a cylinderoid, 

Preſſure, P. 199. 

Pendulums, &c. P. 195. 

Percuſſion, the ſtriking of one body againſt another. 

Piſton, pump weather glaſſes &c. P. 199. 

Prop, any article that bears up or ſupports a heavy body, that unde 
a lever is called a fulcrum, | 


Ouantitiet, proportional progreſhve analogies &c. P. 173. 
Suadrant, a quarter or tourth part of a circle as AED. Fig. 43. 


R. 

Radius, that extent of the compaſſes with which any circles periphery 
is deſcribed or half the circles diameter. 

Rhombus, or oblique angled ſquare, a figure of 4 equal ſides, making 
oblique angles with one another. Fig. 23. 

Reſiſtance, ot fluids. P. 199. 

Rhomboides, an oblique angled parallelogram, Pig. 21. 

Regular polygons, in general are ſuch figures as conſiſt of an equal 
number of ſides regularly and equally diſpoſed about a center, re» 
ſolveable into ſo many equal triangles as the polygon hath ſides. 

--— As any number of equal ſides and equal angles make a regular po- 
lygon, ſo ſome number of regular polygons of the {ame kind con- 
ſtitute a regular ſolid body, of which there can be only 5, for 3 
plane angles (at belt) mult be taken (fee P. 154) to make a ſolid - 
angle, the ſum of which mult be leſs than 4 right angles, otherwiſe - 
their angular points being joined (P. 156.) together will all lye us ' 
one plain reſtitution or 1 A 43. 

Fandom, range, P. 200. 

8. 

Sector, a part cut from the center of a circle, oval, &c, and may be 
greater or leſs than a ſemi- circle as SAQB (fig. 153) is a ſector 
but the part BG AQ is a ſegment, 

Slice, ſecond ſegment, &c. P. 186. 

Selidity, or ſolid content, ſhews how many equal cubes of a known + 
dimenſion any ſolid is compoſed of, as for example, if a ſolid body be 
15 feet in ſolidity, whatever its form be ſuch body may be cut ineo 
15 pieces, each 1 foot ſolid, or pieces that will make 15 cubes a ſide 
of cach 1 foot. | 

Segment, a part cut off &c, 

Series, in þ a or ſucceſhon, &c. 


—— infinite, ſums &c. P. 110, 172. | 

Similar, alike or homogenial, are all ſuch figures or bodies whoſe an» 
gles are reſpectively equal and ſides proportional. 
ine, tangent, ſecant, &c, P. 54. | | 

| Sphere, a hollow globe, farmed by turning a ſemicircle about its dia- 
MCtcr, 
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Springy, or elaſtic and non-elaſtic bodies, A 257, 258. 

Superficial content, area, flat content or ſurtace, thews how many 
ſquares of a given dimenſion, or pieces that will make up ſo many 
ſquares a plane or curve ſurface may be cut into, or is compoſcd of; 
convex ſur face ſhews how many ſuch 1quares will clothe or cover 
the outſide of any ſolid. 

Streſs and ſtrength, P. 198. 

T\ 

Triangles of all kinds P. 120, 184. 

Trapez ia, or quadrangle, any figure of 4 unequal ſides and angles. 

Trapezoid, is when two oppolite ſides of a trapezia are parallel, 


Velocity, laws of motion, uniform accelerative &c. P. 192. 
Valve, lee pump, b. 199. 
Vibration, the ſwinging of a pendulum back and forward, 
Several more terms you'll find explained in the parts of ea, 
Trigonometry, Geometry, Menſuration, Mechanics, &c. 


n 
Lately publiſhed, 


The Second Edition in Folio, of the Conſtruction and Principle 
Uſes of Mathematical Inſtruments, tranſlated from the French of 
M. Bion, chief Inſtrument Maker to the French King, to which are 
added, the Conſtruction and Uſes of ſuch Inſtruments us are emitted 
by M. Hion, particularly of thoſe invented or Improved by the t ng- 
liſh, by Edmond Stone. The whole illuſtrated with 30 Folio Plates, 
the above as well as the following BOOKS are printed for and 
ſold by 


J. Richardſon in Pater-neſicr-Reww. 


I. H E Principles of Mechanics, explaining ard demonſtrating 

the general Laws of Motion, the Laws of Gravity, Motion 
of Deicending bodies, Projectiles, Mechanic Powers, Pendulums, 
Center of Gravity, Cc. Strength and Stieſs of Timber, Hydroltatics, 
and Couſttuction of Machines. Ihe Sccond Edition gto. 

2. The Doctrine of Fluctions; not only explaining the Fl. mentt 
thereof, but alſo its Application and Uſe in the feverai Paris of Ma- 
thematics and Natural philolophy. The Second Edition, with large 
Additions, 8vo. | 

3. Navigation; or, The Art of Sailing upon the Sea; containing 
a Demonſtration of the fundamental Principles of this Art; together 


with all the practical Rules of computing a Ship's Way, both by plain 


Sailing, Mercator, and middle Lautude ; Founded upon the foregoing 
Principles, 1219, 


4 
> 
3 
l 
4 
* 


BOOKS printed for J. RienAkDsOx. 


4. The Elements of Trigonometry; containing the Properties, 
Relations, and Calculations of Sines, Tangents, Secants, &c. The 
Doctrine of the Sphere, and the Principles of plain and ſpherical Tri- 
gonometry, all plainly and clearly demonſtated. 5H 

6. The Proje dion of the Sphere, Orthographic, Stereographic, 
and Gnomonical. Both demonſtrating the Principles, and explaining 
the Practice of theſe three ſeveral Sorts of rojection, Svo. 

The above Five by . Emerſon. 

7. Thiloſophiæ Naturalis Principia Mathematica. 4to. 

8. Letiones Oprice annis, 1669, 1679 & 1671, in Scholis pub- 
licis habitz ; & nunc primum ex M35, in lucem editz. 4to. 

9. The time in Fnaliſth. 8vo, 

10. Optics; or, A Creatiſe of the Refle gion, Reframion, Inflection, 
and Colours of Light. The Fourth Edition, Svo. 

11. The fame in Latin, by 5. Clarke, 8vo. 

12. Univerſal Arithmetic ; or, A Treatiſe of Arithmetical Compo- 
ſition and Relolutica, To which is added, Dr. Halley's Method of 
finding the Roots of Equations arithmetically. The Second Edition, 
$10, | 

The above Six by Sir ace Newton. 

13. An abſtract of Sir /ſaac Newton's Chronology of Antient 
Kingdoms, By Ar. Neid, Bvo. | 

14. Geometria Organica; five Deſcriptio Lincearum Curvarum 
univerlalis; Auctore Cline Mac- Laurin, R. S. S. 4to. 

15. Methodus Incrementorum directa & univerſa, per Brook Tay- 
ler, ato. 

16. Epiſtola ad Amicum de Cotcſii inventis Curvarum ratione, &c. 

ko, 

17. Dr Halley's Aſtronomical Tables with the Precepts, Latiz 
and in Engli/h. to. 

18, Dr Deſagulier's Courſe of Experimental Philoſophy, 2 Vol. 

to. 
g A few Copies left of the large Paper. 
19. Profeſſor Graveſande's Mathematical Elements of Natural 


' Philoſophy, confirmed by Experiments. Tranſlated by Dr Deſagæ- 


liers, 2 Vol. qto. with 127 Copper Plates. 

20. Explanation of the Newt2nian Philolophy, 8vo. 

I. Effay on Perſpective, 8vo. with 32 Copper Plates 

7 22. A new Mathematical Dictionary, 8 vo. The laſt Three by 

. Stone, | | 

23. Dr Beerhaave's Academical Lectures on the Theory of Phy- 
lic, Being a geovine Tranſlation of his Inſtitutes and Explanatory 
Comment, collated and adjuſted to each other, as they were dictated 
to his Students at the Univerfity of Leyden, containing Signs of 
Health, Conſtitutions, and Diſeaſes 3 with the Methods of preſerving 
Health, preventing Diſtempers, procuring Longevity, and of remor- 
wg preſent Dyeales. In lix Volumes 80. 


BOOKS printed for J. Ricnannson, 


24. —— Aphoriſms concerning the Knowledge and Cure of Di. 
feaſes, Tranſlated from the laſt Edition printed in Latin at Leydes, 
With uſcful Obſervations and Explanations. 8vo. 

25. —— Materia Medica; or, a Scries of Preſcriptions adapted 
to the Sections of his Aphoriſms, concerning the Knowledge and Cure 
of Diſeaſes, Tranſlated from the Latin Original of the laſt genuine 
Edition of the Author. 8vo or 12mo. 

26 —— Experiments concerning Mercury. vo. 

27 Pharmacopœia Extemporanca; or, The Family Diſpenſatory. 
With Remarks on the Compoſitions, and an Explanation of their Vir- 
tucs. By Thomas Fuller, M. D. Zvo. 

28. Pharmacopœia Batean ; or, Bates's Diſpenſatory. Tranſlat- 
ed from the laſt Edition of the Latin Copy. Publith'd by Mr. James 
Shipton. Containing his choice and fele&t Recipe's, their Names, 
Compolitions, Preparations, Virtues, Uſes, and Doſes, as they are 
applicable to the whole Practice of Phyſic and Surgery. The Arcana 
G:ddardiana, and their Recipe's interpoſed in their proper Places, 
compleated with above fix hundred chemical Proceſſes, and their Ex- 
plications at large, various Obſervations thereon, and a Rationale up- 
on each Proceſs. To which are added, the fam'd Dr. Goddard's 
Drops, Ruſſc!'s Powder, K abells Stiptick Powder, Tinctura de 
Sulphure Metall;rum, and the Emplaſtrum Febrifugum. By ill, 
Salmon, M. D. The fifth Edition, 8vo. y 

29. The ſame in Latin by Thomas Fuller, M. D. 12mo. 

30. Samvuelis Dalei, M. L. Pharmacologia, ſcu Manuductio ad 
Materiam Medicam: In qua Medicamenta Officinalia ſimplicia, hoc 
elt Mineralia, Vegetabilia, Animalia eorumque partes in Medicines 
Officiais uſitata, in Methodum naturalem digeſta ſuccinfie & accurate 
deſcribuntur. Cum Notis generum Characteriiticis, Specioium Sy- 
nonymis, differentiis & vitibus. Opus Medicis, Philoſophis, Pharma- 
copœis, Chirurgis, &c. utiliſimum. Ad calcem adjicitur Index du- 


plex: Generalis alter, Nominum, &c. alter Anglo-Latinus; in gra- 
tiam Tyronum. Tertia Editio, multis emendata & aucta, 4to. 
31. Synopſis Univerſe Medicinæ Practicæ: Sive Doctiſſimorum 
Virorum de Morbis eorumque Cauſis ac Remediis Judicia. Praxi & 
Obſervationibus confirmata & nonnihil aucta. Authore J. Allen M. D. 
In 2 Vols. 8vo. | 

32. The ſame in Engliſh. In 2 Vols. 8vo. 
-- 33. Tractatus de Fœtu Nutrito: Or a Diſcourſe concerning 
Nutrition of the Fœtus in the Womb, demonſtrated to be by ways 
hitherto unknown. In which is likewiſe diſcovered the Uſe of the 
Gland Thymus, with an Appendix ; being ſome practical Obſerva- 
tions on the Food of Children newly born, and the Management of 
* Milk of Women. By F. Bollinger, of the College of Phy cia. 

YO, 20 

34. Daventer's Midwifery. 8vo. 19 0 
35. Dionis's Surgery. 8 Vo. 
36. Daider de Morbi Venetid. 8v0; 
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